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CHAPTER I 
INTRODUCTION 
It is generally agreed by most investigators that 
growth of the maxilla is primarily in a forward and down-
ward direction (fig. 1), under normal circumstances. 
Growth impetus in the anteroposterior direction is provided 
by growth at the spheno-occipital synchondrosis which 
mainly influences growth of the cranial vault in an antero-
posterior direction; thus anteroposterior growth of the 
maxilla occurs simultaneously with the anteroposterior 
growth of the skull. The maxilla grows downward as a 
result of growth at the alveolar borders, the palatal 
bones and the pterygoid processes of the sphenoid bone. 
Vertical growth of the upper face also bears a fairly 
constant relationship to the downward growth of the nasal 
floor. 
Mandibular growth is also in a downward and forward 
direction and occurs primarily at the condylar cartilage 
which is gradually replaced by bone. Growth in the length 
of the body and width of the ramus occurs by apposition 
mostly at the distal surfaces. Increase in height of the 
ramus occurs chiefly by endochondral ossification and is 
1 
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correlated with the eruption of permanent teeth and increase 
in height of the alveolar processes. In addition, the 
vertical component of growth and the lowering of the middle 
cranial fossa of the temporal bone, determine the extent 
to which the mandible will grow downward. 
By using certain cephalometric criteria, it is then 
possible to ascertain whether this growth of the cranio-
f acial complex is primarily in a vertical (downward) or 
horizontal (forward) direction. 
The purpose of this study, then, will be to investigate 
the relationship of dental and certain anatomical structures, 
in mandibular centric and rest positions, comparing vertical 
and horizontal growth trends of the craniof acial complex. 
In these mandibular positions, the following structures 
will be compared in each of the three classes of mal-
occlusions: soft palate inclinations, tongue and hyoid 
bone positions. In addition, certain measurements will be 
made to determine the relationship of the teeth to the 
aforementioned structures, and whether there are any 
significant interdental relationships. This will attempt 
to answer the question of what.morphological variations 
or adaptations occur in order to establish a functional 
equilibrium in differing growth trends. 
Previous researchers, such as Ricketts and Thompson, 
have compared vertical and horizontal growth trends of 
children, noting certain differences in their skeletal 
and dentofacial patterns. Variations were found in the 
morphology of the lower jaw, facial height ratios, muscle 
attachment areas, and certain dental relationships. Also, 
previous studies have shown that in Angle class II and III 
malocclusions, the relationship of tongue position, 
inclination of the anterior teeth, and jaw position was 
such that functional equilibrium was maintained, (fig. 2). 
3 
A search of the literature, however, has not revealed 
previous findings on the relationship of the aforementioned 
anatomical and dental structures in mandibular centric and 
rest position, when the predominant types of growth trends 
were compared. 
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KEY TO SYMBOLS IN FIGURE 1 
spheno-occipital synchondrosis 
reflection of condylar mandibular growth 
~asal septum 
spheno-ethmoidal suture 
pterygopalatine suture 
palatomaxillary suture 
f rontoethmoidal suture 
ethmoidal-maxillary suture 
lacrimal-maxillary suture 
f rontomaxillary suture 
zygomaticomaxillary suture 
Surf ace apposition and resorption are shown by the 
stippled areas. 
( From Cohen, S.E. "Growth and Class II Treatment". 
Am. J. Orthodont., 52:5-26, 1966.) 
Figure 1. Growth Directions of the Cranial Base 
and Facial Sutures 
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Figure 2. a - The Midsagittal Section of a Normal 
Structural Relationship 
b - The Midsagittal Section of an Abnormal 
Structural Relationship, Such as 
Associated with an Angle Class II, 
Division I Malocclusion 
(Reproduced from Graber 1s Orthodontics, 
Principles and Practice, PP• 291, 2nd ed. 1967) 
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CHAPTER II 
REVIEW OF THE LITERATURE 
A. General Considerations 
Since this study concerns itself mainly with positions 
of the mandible and variations thereof found in different 
growth patterns, it would seem appropriate to begin this 
discussion by describing the temporo-mandibular joint and 
the possible positions of the mandible as related to it. 
Sicher46 gives an excellent detailed description of this 
joint (Fig. 3) as follows: 
It is, in many ways, a highly specialized 
joint,. and is distinguished from most arti-
culations by the fact that the articulating 
surf aces of the bones are not covered by 
hyaline cartilage but by an avascular fibrous 
tissue which may contain a variable number of 
cartilage cells, and then can be designated 
as fibrocartilage. It is further characterized 
by the fact that the two articulating 
complexes of bones carry the teeth, whose 
shape and position gain a deciding influence 
upon the movements of the joint. A restricting 
influence on the movements of the mandible 
is finally exerted by its bilateral arti-
culation with the cranium, so that the right 
and left temporo-mandibular articulations 
are necessarily coupled. It is a complex joint 
because an articular disc is interposed 
between the temporal bone and the mandible, 
dividing the articular space into an upper and 
lower compartment. In the upper compartment, 
gliding movements occur, while the lower 
compartment functions as a true hinge joint. 
The temporo-mandibular joint can therefore 
be classified as a hinge joint with a 
moveable socket. 
Aditus 
ad antrum 
, 
~· 
Figure 3. 
Po1tglenoid tubercle 
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The Temporo-mandibular Joint, on 
Sagittal Section 
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(Reproduced from Grant's Atlas of Anatomy, 
PP• 555, 5th edition, 1962.) 
In addition he states that: 
Only in man, can one find the presence 
of a well developed articular tubercle, and a 
combination of hinge and sliding movements 
in opening the mouth. The reason for the 
development of the tubercle is due to man's 
upright position. The forward inclination of 
the base of the skull, together with the 
development of the mastoid process, tends to 
narrow the space behind the articulation. 
While a true hinge joint is feasible, the 
compression of the soft tissues in back of 
the articulation limits the excursion of the 
lower jaw to about two-thirds from the total 
excursion obtainable if the hinge movement 
is combined with forward sliding ••••••••••• 
further opening of the jaw can proceed without 
undue compression of the soft tissues. For 
this reason, the joint has been termed a 
hinge articulation with a moving axis, the 
articular tubercle being nothing but a 
support for the condyle head. 
Brodie9 adds that the articular tubercle dis-
articulates the non-functioning side, and throws the 
entire weight of occlusion to the functioning side. 
Anatomy texts also describe that the antero-
superior surf ace of the mandibular condyle should be in 
close apposition to the postero-inf erior surf ace of the 
articular tubercle. The thin, central portion of the 
meniscus is interposed between these surf aces with the 
thickened posterior margin of the meniscus resting on the 
superior margin of the condyle.The meniscus is bound 
tightly by fibrous tissue at its lateral and medial margins 
8 
to the condyle so that they move in unison under normal 
conditions as basic movements of the jaw are initiated. 
A great deal of controversy still exists regarding 
the various positions that the condyle head assumes in 
the glenoid fossa as certain relations of the mandible 
are assumed. This is due to confusing and overlapping 
terminology. 
When teeth are occluded, they determine the occlusal 
mandibular position which should be identical with the 
centric position (centric relation) of the mandible. 
This is further defined by ThompsonSO as a maxillo-
mandibular relation where the teeth occlude in a normal 
or good functional situation and where the condyle of 
the mandible is in a balanced position in the mandibular 
fossa. Here the condyles are in their unstrained, 
retruded positions in contact with the fibrous tissue 
forming the posterior walls of the articular fossae, 
and when the antero-superior surf ace of the condyle is 
in close approximation to the postero-inf erior surf ace 
of the articular eminence with the thin central portion 
22 
of the articular disc interposed. Granger adds that 
this centric relation is only one position of the axis -
the terminal hinge, and this relation must be established 
9 
in the most retruded position of the mandible. 18 Furnas 
agrees with this fixed, static concept of centric articu-
lation, but adds that, centric occlusion - a positional 
relation of the mandible to the maxilla wherein the 
functioning cusp planes of the teeth are in maximum 
contact - becomes a constantly changing relation 
influenced by age, abrasion, extract:ion and habit. This 
shows that the condyle positions in the fossa in centric 
position (centric relation) and centric occlusion do not 
necessarily coincide. Thompson51 , regarding this 
controversy of mandibular position related to the condylar 
position adds the following: 
From the functional viewpoint, it can 
be said that if the path of closure from 
rest position to occlusion is an approximate 
hinge movement through an acceptable inter-
occlusal clearance, the occlusal position 
and the centric position will be identical. 
Many individuals show, however, that the 
path of closure is not normal, i.e. the 
mandible is shifted bodily on an upward, 
up and back, forward or lateral path, to 
occlude the teeth. Thus, the occlusal 
position and centric position differ 
characterizing the conditions of 
mandibular displacement. 
In our study, Furnas' definition of centric occlusion 
will be accepted, and it will be assumed to coincide with 
centric relation of the mandible. 
10 
11 
In this study, however, the most relevent position 
is rest position or rest relation of the mandible. 
Bennett 5 (1908), one of the first to mention this position, 
described it as a relation where the teeth were slightly 
separated, but with the lips easily closed, and a definite 
position as judged by subjective sensation. 
Niswonger33 (1934), in his study of rest position 
in two hundred patients, found that the teeth were 
usually separated when the patient was in a relaxed, 
upright position. In 87% of his group, he found a freeway 
space of 3.17 mm., and since this position seemed to be a 
constant vertical one, he advocated this as a reference 
point for complete denture construction. He also thought 
that this position allowed the teeth, investing tissues 
and related structures time to repair themselves. In 1938, 
he added to some of his earlier theories and said : 
The rest position of the mandible 
may be defined as that position in which 
the mandible is involuntarily suspended 
by the reciprocal coordination of the 
muscles of mastication and the depressor 
muscles with the teeth separated. In 
other words, the jaws are separated by 
the minimum amount of muscular contraction 
sufficient to overcome gravity. This 
position prevails from the time man is 
born until he dies. It makes no difference 
whether the patient is edentulous or not, 
asleep or awake; it is an anatomic and 
physiological arrangement. 
Gillis20 (1941), agreed with this concept and 
described rest posit1on as a neutral position in which 
the levator and depressor muscles were in equilibrium. 
It was assumed involuntarily after speech or swallowing, 
12 
and since the teeth were out of contact, they had not 
affected its position. He found an average of 3.0 - 3.5 mm. 
of freeway space in his subjects by using phonetics to 
obtain rest position. 
Swenson49 (1940) however, did not believe that the 
freeway space was permanently constant but that it varied 
depending upon many factors such as teeth wear, size of 
the patient's head, muscle habits and muscle change. 
Nevertheless, he agreed that rest position of the mandible 
was fairly constant and could be produced when the elevator 
and depressor muscles were in balance. 
Brodie10 (1941), explained the balancing forces of the 
head as being composed posteriorly, of the powerful post-
cervical muscles, and anteriorly, by gravity and an 
anterior chain of muscles composed of the masticatory, 
suprahyoid, and infrahyoid muscles. Thus the muscle 
tension acting on the mandible is balanced, where the 
upward and downward forces are equal, and a state of 
equilibrium exists among all other forces. 
13 
In a study in 1942, Thompson52 again confirmed the 
constancy of the mandibular rest position in edentulous 
patients. In several cases, where an excessive occlusal 
vertical dimension had been accidentally established, 
lateral radiography showed that sufficient resorption 
occurred in the alveolar processes, not only to permit 
the mandible to return to its physiological postural 
position, but also to provide a freeway space. In a 
later project (1956) involving rest position and vertical 
dimension, Thompson53summed up his findings in this fashion: 
The rest position of the mandible 
is dependent entirely upon the musculature. 
All functional movements begin and end in 
the rest position because the musculature 
is then in equilibrium. When the mandible 
is at rest position, an interocclusal 
clearance (freeway space) of two, three 
or more millimeters exists between the 
maxillary and mandibular teeth. It 
must be thought to exist in all planes 
of space. 
The rest position is established 
before the teeth have erupted. It is 
not altered by the eruption of teeth, 
and a high degree of stability exists 
to a resting position after the teeth 
have been lost. It cannot be altered 
permanently by any restorative or 
orthodontic procedure. 
Thus not only does the neuromuscular 
system establish a resting or postural 
position, but also motivates mandibular 
movements. 
Sicher47 , in 1951, added that in order to reproduce 
rest position accurately, it was necessary to put the 
head into the same position in space, and in the same 
relation to the chest and neck, as any differences in the 
latter position could affect rest posi~ion. 
Other investigators have also questioned the 
reliability in constantly reproducing rest position. 
Landa2 7, in his study of one hundred individuals with 
essentially normal occlusions, recorded freeway space by 
injecting soft plaster between the teeth. Because the 
14 
interocclusal clearance dimensions showed a wide variation, 
he concluded that it would be unwise to accept these mean 
values. On the other hand, Coulombe14 , with the aid of 
cephalometric roentgenography in studying interocclusal 
clearance on edentulous patients, concluded that rest 
position of the mandible can be recorded within physiologic 
accuracy, thus substantiating the contention that it is 
a constant and invariable position. This reconfirmed 
Thompson's54 and Thorne•s 59 findings in their study of 
how to obtain clinically, a reliable and constantly 
reproducible rest position. Their procedure was basically 
as follows: The subject, seated in a chair, was told to 
relax and was engaged in conversation to relieve tension. 
He was requested to swallow. An exposure was made a few 
seconds later. Thorne finally achieved a low mean error 
of ± 0.37 mm. in his determination of rest position by 
using a similar well standardized technique. 
Rosenstein41 (1955), while studying a group of thirty-
one edentulous subjects, noticed that the mean difference 
of rest position for the group was ± 0.24 mm. This once 
again reconfirmed the reliability of reproducing rest 
position after the patient was engaged in conversation, 
had swallowed, and was allowed to relax for a few seconds. 
15 
Other investigators such as Atwood3 and Cohen13(1957), 
questioned this constancy because they had found too great a 
variation within one or more sittings. They did conclude, 
however, that when the Frankfort horizontal plane was 
parallel to the floor, the freeway space was at its optimum, 
and the least amount of variation occurred at this time. 
During the same time period, electromyographical 
studies began to investigate the postural position of the 
mandible. As a result of these studies, Moyers30 , Carlsoo12 , 
and Andrew1 claimed that the resting tonus was responsible 
for the maintenance of mandibular posture. 
Investigating mandibular postural position of seventy-
fi ve subjects by means of electromyography and lateral 
cephalograms, Mullen32 (1956), concluded that this means 
~------------------------------------~ 
was remarkably reliable in determining this position. 
Of his subjects, approximately 90% showed less than 
0.7 mm. variance between two readings. Thus it seemed 
that the electromyograph machine was the most accurate 
in recording true rest position and in reproducing it 
not once, but many times. To aid in understanding its 
ability to do so, a brief review of neuromuscular 
physiology and its relation to muscle tonus will be 
presented. Best and Taylor6, Guyton2 3, and Fulton17, 
offered much of the following material. 
Muscle tissue, like nerve tissue, has the ability 
to conduct electrical impulses; however, it also has the 
added ability to contract. This occurs by an excitation 
depolarizing the muscle membrane which brings about 
changes in the actomyosin to cause contraction and 
development of tension. But single muscle fibers do not 
contract alone; the contraction is by motor units - a 
16 
group of muscle fibers innervated by a single motor neuron, 
and this contraction is achieved only if the motor nerve 
is actively stimulated. No contraction will occur if the 
stimulus is inadequate, demonstrating Lucas• 29 "all or 
none" principle. 
An involuntary muscular contraction resulting from 
stimulation of a sense organ is known as a ref lex, and 
17 
can occur consciously or subconsciously. In its simplest 
form, a reflex arc consists of an afferent limb, an 
28 
efferent limb, and a center. In man, Lloyd showed that 
the stretch reflex or myotatic reflex involves only two 
neurons. This reflex action occurs if a pull is exerted 
upon the tendon of a muscle. The muscle then actively 
resists this force, and the strength of contraction 
increases as the stretching force increases. As a result 
of Sherrington•s45 work, the word "tone" had been applied 
to the steady ref lex contraction present in muscles 
concerned with maintaining the posture. The fundamental 
basis for tonus is the stretch reflex centered in the cord, 
with some contribution from higher centers such as 
cerebellar, midbrain and cerebral centers, all contributing 
some impulses to the spinal centers. The most interesting 
feature of this tonic contraction is its great economy 
in energy expenditure, where the energy liberated is in 
the form of a minute electrical discharge called the 
action potential. This is brought about by different 
groups of muscle fibers contracting in relays such that 
alternate rest periods are afforded allowing tonic 
contraction to be maintained for lengthy periods without 
fatigue developing. 
~------------------------------------. 
18 
Now the electromyograph machine receives and transmits 
these electrical impulses, amplifies them and records them 
on graph paper, where a peak above the base line is the 
action potential of the muscle at a unit of time, and is 
measured in microvolts. Thus, an actively contracting 
muscle shows this type of activity (Fig. 4) on the electro-
myograph paper; whereas a muscle at rest or one in tonic 
contraction will show minimal activity. 
According to Karau25 , Perry34 , Schlossberg44 , and 
Geltzer 19, a very accurate determination of rest position 
of the mandible was found. Electrodes which convey the 
impulses, were placed on the anterior portion of the left 
temporal muscle, over the left suprahyoid muscles, 
approximately midway the length of the anterior portion 
of the digastric, and posterior temporal and masseter 
muscles. When the recordings were at a minimal displacement, 
a lateral cephalogram was exposed. 
The results of the studies using only lateral 
cephalograms, in recording centric occlusion and rest 
position of the mandible, nevertheless compared favorably 
to those using electromyographical techniques. 
L +interim I 
r--contraction relaxation___,l p~--1- peaks 
isometric --1-i.----.i reflex I 
t.ll nodes 
Figure 4. 
isotonic 
An Electromyographic Recording Showing 
Contraction and Relaxation of the Left 
Middle Temporal Muscle 
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B. Anatomical Relationships 
The soft palate is a posterior muscular projection 
of the hard palate and ends with the uvula at the 
posterior edge of the oral cavity where it communicates 
with the nasopharynx. On the lateral cephalogram, it 
20 
is seen as a structure approximately 25 mm. in length 
and 7 mm. in thickness, extending downward and backward 
at about 130° to the palatal shelves which run almost 
horizontally. At the anterior border of the soft palate, 
the tongue is found in close approximation. 
Earlier anatomists15 agreed that in the normal 
tongue position, the dorsum of the tongue lies against 
the hard palate, but at the back part, it is separated 
from the soft palate by a space, and owing to the weight 
of the jaw, there is a negative pressure in that space. 
Also when the mouth is closed in centric occlusion, the 
soft palate, the posterior border of the tongue and the 
epiglottis are in close proximity to the posterior 
pharyngeal wall. 
Thompson55 (1937), came to the following conclusions 
regarding normal tongue position: 
1. In 83% of the subjects, immediately after 
swallowing, the tongue was against the 
hard palate, and the soft palate was pulled 
down against the posterior portion of the 
tongue. 
2. The tongue, when at rest, is not against the 
palate. 
3. No vacuum space exists between the tongue 
and posterior portion of the hard palate 
and that this is not an important factor 
in the maintenance of the mandibular rest 
position. 
4. The soft palate is not against the posterior 
surface of the tongue when at rest. 
Closely related to, the mandible and to the tongue 
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is the hyoid bone (Fig.5). It is normally found at the 
level of the third and fourth cervical vertebra inferiorly, 
and below the angle of the jaw anteriorly, serving as a 
place of attachment for many muscle groups. The hyoid 
bone and its attached muscles are one link of a chain 
described by Brodie11 which contributes to tension in 
the anterior region, together with the masticatory, 
supra- and infra-hyoids and together with the deep 
Figure 5. 
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Jaw\ 
Genio-glossua 
The Relationship of the Three Extrinsic 
Muscles of the Tongue, and the Hyoid Bone 
(Reproduced from Grant's Atlas of Anatomy, 
pp. 596.1, 5th edition, 1962.) 
precervical group, to help keep the head erect. This is 
counterbalanced in the posterior by heavy cervical 
musculature, mostly the postcervical group. Thus the 
cranium is joined to the mandible, the mandible to the 
hyoid bone, and the hyoid bone to the shoulder girdle. 
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The suprahyoid muscles - digastric, stylohyoid, 
mylohyoid and geniohyoid, are arranged between the mandible 
and the hyoid bone (Figs. 6,7). Their function is either 
to elevate the hyoid bone, and with it, the larynx, or 
depress the mandible. 
Sicher48 , has noted whether one or the other movement 
is effected depends on the state of contraction of the 
concerned muscles. The mandible is fixed in its position 
by the action of the masseter, temporal and internal 
pterygoid muscles; the suprahyoids will elevate the hyoid 
bone and the larynx. If, on the other hand, the infrahyoid 
muscles - sternohyoid, omohyoid, sternothyroid and thyro-
hyoid are contracted, the hyoid bone is immobilized, and 
the suprahyoid muscles that extend to the mandible, will 
depress and retract the lower jaw. This immobility of the ~ 
hyoid bone was also noticed by Thompson and Brodie56, 
where in normal opening of the jaw, it was found that the 
external pterygoid muscle played the major role by 
Stylohyoid 
process 
Stylohyoid lig. 
Facial a. 
Mylohyoid n. 
Digastric 
(ant. belly) 
Middle Constrictor Hyoglossus 
Figure 60 Diagram of the Four Layers of the 
Suprahyoid Muscles 
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(Reproduced from Grant's Atlas of Anatomy, 
PP• 546.1, 5th edition, 1962.) 
Anterior lingual gland------
,-----Sup. longitudina: 
muscle 
Apell: or tip of the tongue-----
Sublingual salivary gland c: ¥Wa. w "'\.- 'Aii! ,:J.i Foramen caecum 
Di gastric 
Mylo-hyoid----
Genio-hyoid------1 
Figure 7. The Suprahyoid Muscles, Digastric, Mylo-hyoid, and Genio-hyoid 
Seen on Median Section of the Tongue and Floor of the Mouth 
(Reproduced from Grant's Atlas of Anatomy, pp. 595, 5th edition, 1962) 
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pulling the condyle downward and forward, while the 
hyoid bone stayed at a fairly constant level. Here, 
the suprahyoid group tenses only enough to prevent the 
hyoid bone from descending. 
61 Wood , in 1957 studied the normal position and 
pattern of hyoid bone movements in relation to the 
mandible in certain postural positions. He found that 
from occlusion to rest, the hyoid bone dropped down and 
back about 3.5 mm., and that the chin point (gnathion) 
also dropped down and back; but that the horizontal 
distance from the third and fourth cervical vertebrae 
varied only slightly as the head moved from one position 
to another. 
Salzmann42 agreed with these findings and added that 
descent of the hyoid bone seemed to be consistent with 
a lowering of the tongue, retraction of the denture 
and straightening of the profile. 
In 1966, Kraut26 studying hyoid bone positions 
of two hundred individuals with Angle class I, II, and 
III malocclusions, came to these more significant 
conclusions: 
1. There was no significant difference in the 
position of the hyoid bone in class I, II 
and III malocclusions. 
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2. The vertical position of the hyoid bone 
in almost all the occlusal classes was 
shown to lie within the inferior third 
of the third cervical vertebra, and the 
inferior third of the fourth cervical 
vertebra. 
This study supported the concept that the hyoid 
bone is influenced more by the compensatory action of 
its musculature rather than the position of the jaws. 
c. Dental Relationships 
Thompson57, in 1946 found a correlation between the 
amount of freeway space and the degree of overbite of 
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the anterior teeth; but he stated that excessive overbite 
clearly showed that this was associated with insufficient 
eruption of the posterior teeth, which also resulted in a 
large freeway space. Where the freeway space was small, 
he felt that the excessive overbite was due to overeruption 
of the anterior teeth. 
In keeping with the theory that the presence of teeth 
in no way altered mandibular rest position, Baume4 (1950), 
explained how the overbite of the anterior teeth came 
about during the transition from the deciduous to the 
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mixed dentition as a result of the maxilla growing more 
rapidly than the mandible. 
However, Ricketts3 5136 (1950, 1952), felt that there 
was a high correlation between the mandibular rest 
position and the overbite and overjet of the anterior 
teeth. In treatment of class II division II cases, 
where the maxillary incisors had been fanned forward, 
the amount of protrusive rest of the mandible increased 
as the overjet of the anterior teeth was increased in 
the first stage of the treatment. As the anteriors were 
retracted, the protrusive rest position was corrected. 
Protrusive rest position is defined as the amount 
of anterior shift of the mandible from centric to rest, 
measured anteriorly of an arc drawn through the tip of 
the lower most anterior incisor from the center of 
rotation of the condyle. 
Graham21 (1968), in his study of two hundred cases 
before and after treatment, found that the protrusive 
rest of the mandible decreased as the overjet of the 
anterior teeth decreased, but that there was no significant 
relationship between the decrease of protrusive rest 
and overbite of the anterior teeth. In addition, he 
found that the means of freeway space, and overjet and 
overbite of the anterior teeth had a tendency to be 
smaller in fem.ale patients. The freeway space and 
the overbite were found to be significantly smaller 
in Angle class I malocclusions than in class II cases 
grouped, and no significant correlation was found 
between freeway space and overjet and overbite of the 
anterior teeth. His study thus showed that the teeth 
did affect the resting position of the mandible in a 
horizontal plane due to proprioceptive activity. 
This reconfirmed Ricketts37 (1953) and Bowman 1s 7 (1952) 
findings that distal movement of the condyle occurred 
when the mandible closed from rest to centric occlusion 
in class II division I cases. Yet Thompson 58 (1949) 
felt that a class II malocclusion in which there was a 
distal closure of the mandible was actually a class I 
malocclusion, but that occlusal interferences forced the 
mandible distally into a class II molar relationship. 
Graham's findings could be explained in this manner: 
In ideal overjet cases of 1 - 2 mm., the tongue rests 
most comfortably in the oral cavity. But in large 
overjet cases, comfortable tongue positioning required 
an anterior shift of the mandible. In addition, constant 
forward activity of the mandible during speech for proper 
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lip closure seems to contribute to forward adaptation 
of the mandible in rest position as shown by Ricketts3 8 
(1955) and Arstad2 (1965). 
Javais51 (1957), in studying interocclusal clearance 
with the electromyograph machine, found a positive 
correlation between a high anterior freeway and a high 
posterior one; a negative correlation of posterior 
freeway and posterior facial height (S - Go), and no 
correlation of size of freeway space and skeletal 
pattern. His findings of anterior facial height 
(N - Gn) correlated to anterior freeway space were not 
significant. 
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CHAPTER III 
MATERIALS AND METHODS 
The sample in this study consisted of 87 Caucasian 
subjects (age range 10 - 15 years), all of whom had 
presented themselves to the Loyola University Orthodontic 
Department for diagnosis regarding their malocclusion. 
There were 34 males and 53 females with a mean age of 
12.8 + 3.0 years. The males had a mean age of 12.6 + 2.0 
- -
years, and the females one of 13.0 ± 2.0. They were 
classified clinically by their malocclusions according 
to Angle into: class I, II and III malocclusions. 
Forty-two were found in the first class, 39 in the second 
and 6 in the third. 
A bariwn sulfate suspension in water was then 
prepared in a small cup (Fig. 8), and the subject 
was requested to take a small sip, swish it all over 
his mouth and then expectorate it. Because this 
suspension is radioopaque, any structure it coated would 
appear white on a roentgenograph. In this case, the 
dorsum of the tongue, the inferior surface of the hard 
palate, and the anterior surface of the soft palate 
would be more readily discernible on the lateral 
cephalogram. 
Figure 8. Materials for the Preparation of a 
Barium Sulfate Suspension 
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An 8" X 10" X-ray film cassette with intensifying 
screen (Halsey X-ray Co., Brooklyn, N.Y.) was positioned 
, at the 15 cm. mark such that the patient's mid-sagittal 
plane was 15 cm. from the film surface. In addition, 
an aluminum shield was placed on the anterior region 
of the film cassette to prevent radiation "burn-out 11 
of the anterior soft tissues and the anterior nasal 
spine regio~ •. 
The subject, having placed the tip of his tongue 
posteriorly on the roof of his mouth and his mouth 
closed to obtain centric occlusion, was then positioned 
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in the head-holder of a Bolton-type cephalometer (Figs. 9 1 10) 
(B.F. Wehmer Co., Chicago, Illinois). The ear-rod and 
head-holder assembly were then raised slightly to 
force the patient to stand somewhat on his toe tips 
and to displace any soft tissue of the ear immediately 
above the ear-rod. During this whole procedure, the 
patient was requested to keep his teeth together. The 
reason for obtaining centric occlusion before the patient 
was positioned in the head-holder was that the ear-rods 
of the cephalometer usually tend to displace the head 
of the condyle forward. If the patient is positioned in 
the head-holder with his mouth open, and is then requested 
Figure 9. The Cephalometer ( B. F. Wehmer Co.) 
Used in this Study 
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Figure 10. Subject Positioned in the Head-holder 
of the Cephalometer 
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to close, an occlusion will be attained, which is 
somewhat forward of normal centric occlusion due to 
anterior condylar displacement. 
With the Frankfort horizontal plane parallel to 
the floor, and the subject standing upright, an exposure 
was made using 85 K.V. 15 Ma. at 0.9 seconds and a 
target-film distance of 5 feet, (Fig. 11). 
If deemed necessary, the subject was then requested 
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to rinse his mouth again with the suspension, and repositioned 
in the head-holder in the same fashion with the teeth 
closed. Once again, the head position was oriented 
such that Frankfort horizontal was parallel to the floor, 
the eyes were straight ahead, and the body upright. 
The patient was then requested to count from one 
to ten to relax his oral musculature, lick his lips 
and .swallow. After one to two seconds a radiograph was 
exposed at 85 K.V., 15 Ma., and 0.9 seconds (Fig. 12). 
No mention was made to the subject to "relax his jaw", 
or attempt to explain what jaw position was required, 
as this surely would have initiated unnecessary muscular 
activity and produce false rest position. 
The exposed radiographs were then developed at 
68° F. for 5 minutes, fixed for 10 minutes, and rinsed 
for 20 minutes. When dry, they were ready for analysis. 
I I 
Figure 11. A Lateral Cephalogram of a Subject 
in Centric Occlusion 
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Figure 12. A Lateral Cephalogram of a Subject 
at Rest Position 
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The reproducibility of the rest position once 
obtained, was then tested~ Three subjects were selected 
at random to test whether or not their rest position 
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could be accurately reproduced. One initial rest position 
radiograph was exposed. Then two weeks later, two rest 
position radiographs were exposed, one immediately after 
the other; then one each week for two weeks thereafter. 
These radiographs were then analyzed for constancy of 
rest position. In 9 measurements analyzed, the average 
percentage error was found to be 1.3%, with the exception 
of tongue position, where the error was found to be 15%. 
Furthermore, Moyers3l found that many factors influenced 
the postural position of the mandible. Some of the more 
important ones are the following: body and head posture, 
fatigue, age, proprioception from the dentition and 
musculature, occlusal changes, i.e. attrition, and 
muscle and temporo-mandibular joint pathology. 
In our study, most of the above variables were kept 
at a constant to minimize any variances. This was 
accomplished by reproducing the same head and body 
posture from patient to patient, i.e. Frankfort horizontal 
parallel to the floor and an upright posture, exposing 
the radiographs from 10 a.m. to 3 p.m. during the day 
to insure that all of the subjects were not fatigued; 
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choosing the subjects that had all of their permanent 
dentition present in an age range of 10 to 15 years, 
and were Caucasian, and those who had no evidence of 
abnormal crepitus or pain indicative of temporomandibular 
joint pathology. In addition, an easily standardized 
procedure was followed to obtain rest position. It 
was now felt that rest position could be constantly 
reproduced and obtained at any later date provided no 
major changes, such as tongue and lip position, state 
of health, and habit introduction - bruxism or mouth-
breathing, occurred, which could be responsible for 
alterations in the rest position. 
With the introduction of roentgenographic cephalo-
metrics to orthodontics by Broadbent8 (1930), cephalometry 
since then has become a valuable teaching, diagnostic 
and research medium in orthodontics. Salzmann's43 
definition of cephalometrics seems most appropriate 
where he defines it to include measurement, description 
and appraisal of the morphologic configuration and 
growth changes in the skull. To ascertain this, dimensions 
of lines, angles, and planes between anthropometric 
landmarks established by physical anthropologists, and 
between points selected by orthodontists are used. 
The cephalometric roentgenographs were then mounted 
on a tracing viewbox, covered with a sheet of 8" X 10 11 
0.003 11 matte transparent acetate paper and traced with 
a 4H pencil to include certain cephalometric landmarks. 
In this study, the following points, planes and 
angles, and their definitions are used: 
A. Points (Fig. 13) 
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1. Anterior Nasal Spine (ANS) - the median sharp 
bony process of the maxilla at the lower margin 
of the anterior nasal opening. 
2. Gnathion (Gn) - the mid-point between the most 
anterior and inferior point on the bony chin. 
It is measured at the intersection of the 
mandibular base line and the nasion-pogonion line. 
3. Gonion (Go) - the lowest posterior and most 
outward point of the angle of the mandible. 
This is obtained by bisecting the angle formed 
by tangents to the lower and posterior borders 
of the mandible. When both borders of the 
mandible appear, the point midway between the 
right and left side is used. 
4. Incision Inferius (II) - the most forward incisal 
point of the most prominent mandibular central 
incisor. 
r 
Figure 13. 
I \ J ) -~~ J~ .• I 
__/ 
A Tracing of the Lateral Cephalogram 
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in C~ntric Occlusion, Showing the Various 
Points Used in this Study 
5. Incision Superius (IS) - the lowest incisal 
point of the most prominent maxillary central 
inc!isor. 
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6. MentQn. 1{M) - the lowest point from which facial 
he.ight is measured. It is found at the inter-
section of the lower border of the mandible and 
the lingual surf ace of cortical plate of bone 
of the mandibular symphysis. 
7. Nasion (N) - the middle point location of the 
fronto-nasal suture, intersected by the median 
sagittal plane. 
8. Orbitale (Or) - the lowest point on the margin 
of the orbit when the patient looks straight ahead. 
9. Porion (P) - the mid-point on the upper edge of 
the external auditory meatus. In this case, 
the superior point of a 10 mm. diameter ear-rod 
to correspond with the upper edge of the external 
auditory meatus, is considered. 
10. Posterior Nasal Spine (PNS) - a process formed 
by the united projecting ends of the posterior 
borders of the palatal processes of the palatal 
bones. 
11. Sella (S) - the geometric center of the sella 
turcica which is the pituitary f ossa of the 
sphenoid bone. 
12. The Disto-buccal cusps of the left maxillary· 
and mandibular first permanent molars - those 
being closest to the ear-rod or central ray, 
were chosen to measure the occlusal planes. 
13. Point H - the most anterior superior point 
on the body of the hyoid bone. 
14. Point ISP - the most inferior point of the 
projecting soft palate. 
15. The most superior point on the dorsum of the 
tongue. 
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Generally it was found that two margins of a structure 
were visible on the roentgenograph corresponding to its 
right and left sides. This can be explained by the fact 
that as the central ray passes through the ear-rod or 
porion, it magnifies the right side of any structures 
more than it does the left. As a result, the left-sided 
structures, being the least magnified, are the closest to 
the ear-rod. In this study, all the least magnified 
structures, or the left-sided ones, with the exception 
of the inferior border of the mandible, were considered. 
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B. Planes (Fig. 14) 
1. Frankfort horizontal - a line joining orbitale 
and porion. 
2. GoGn Plane - a line joining gonion and gnathion 
extending posteriorly. 
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3. Mandibular Plane - a line joining menton and 
gonion. If both inferior borders of the mandible 
were present, the distance between them was 
divided equally. 
4. Occlusal Plane - a line drawn between points 
representing one-half of the incisal overbite 
and one-half of the cusp height of the disto-
buccal cusps of the left first permanent molars. 
5. Palatal Plane - a line joining ANS and PNS. In 
those cases where PNS was not clearly visible, 
a line was drawn through ANS parallel to the 
inferior border of the palatal shelf bisecting 
the shelf 1s thickness. 
6. SN Plane - a line joining sella and nasion and 
projected posteriorly. 
c. Angles 
Using the points and planes just defined, numerous 
angular measurements were taken (Fig. 14). However, these 
three only need special definition becau•e they are used, 
Figure 14. A Tracing of the Lateral Cephalogram 
in Centric Occlusion, Showing the Various 
Planes and Lines Used in this Study, 
from which Certain Angular and Linear 
Measurements could be Made 
47 
together with other criteria, in establishing the growth 
pattern of each subject's cranio-facial complex. 
1. Angle FMA - an angle formed by the intersection 
of the mandibular plane and Frankfort horizontal, 
with an average reading of 25° ± 5° (Tweed). 
2. Y - axis - an angle formed by the intersection 
of a line joining sella and gnathion and Frankfort 
horizontal. Its average reading is 59.4° ± 6° 
(Downs). 
3. Angle GoGnSN - an angle formed by the intersection 
of the SN plane and the GoGn plane with an 
average reading of 32° ± 4° (Riedel). 
Charles Tweed60 felt that the face grew downward 
and forward in one of three ways, and classified the trends 
as a, b and c. In type a, growth is approximately equal 
in both the vertical and horizontal dimensions, and is 
found in about 25% of all patients. In the type b trend 
(15%), growth of the middle and lower face is predominantly 
in the vertical dimension, as they grow downward and 
forward, but the middle face grows more rapidly than the 
lower jaw. Finally, in the type c growth trend, the 
lower face grows forward more rapidly than the middle face, 
and is noted in 60% of the patients. 
In addition, his introduction of angle FMA helped 
to correlate these trends, and showed primarily in 
which direction the growth occurred, vertical or 
horizontal. In his research, he found that the normal 
variation of this angle was from 16° to 35°, with the 
average being 25°. When angle FMA was 30° or higher, 
it became more difficult to provide a stable occlusion 
and satisfactory facial aesthetics. 
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Later Downs16 (1948) introduced a method of analyzing 
individual facial-dental patterns in children, with a 
mean age of 14.5 ± 2.5 years. His analysis showed whether 
dysplasia was present in the facial skeleton, dentition, 
or both. In his analysis, he found angle FMA to be 21.9° 
with a range of 17° to 28°. He also introduced the Y axis 
which indicated the degree of downward and forward position-
ing of the chin in relation to the upper face at Frankfort 
horizontal. A prominent chin decreases the Y axis; 
whereas a long facial profile (N-Gn) or retrognathic 
mandible tends to increase this angle. The mean was found 
to be 59.4° with a range of 53° to 66°. 
Riede140 , again in 1948, analyzing individual <lento-
facial patterns in children and adults, introduced the angle 
GoGnSN to determine the degree of retrognathism of the 
lower face in relation to cranial base. He felt that 
this was more accurate than angle FMA because all the 
individual points involved were skeletal ones and could 
be more readily identified on the lateral cephalogram. 
0 0 His mean value of this angle was found to be 32 ± 4.3 • 
Based on the above studies, we decided that all 
those who had an angle FMA of 30° or greater - greater 
than one standard deviation above the mean value, a 
Y axis of 66° and greater and an angle of GoGnSn of 
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0 37 or greater, would be classified as having a predominantly 
vertical growth trend. All the remaining were then 
considered as having a horizontal growth trend. If any 
question arose regarding the grouping, other factors and 
measurements were then considered as suggested by Ricketts39. 
He found that square mandibular - gonial angles were 
found in predominantly square jaws, that they continued 
to grow in that shape, and that they usually grew forward. 
Obtuse gonial angles were found in primarily class III 
malocclusions and in vertical growth patterns. In 
horizontal growth patterns, the ramus was found to be 
thick and usually rexated to a· square jaw, as well as 
a thick, heavy symphyseal width. Thin ramus and symphysis 
widths were usually associated with high faces and vertical 
r 
growers. Heavy condyle heads were also usually 
associated with horizontal growth patterns. If 
the coronoid process was high above the condyle 
when measured from the mandibular plane, then a 
vertical pattern was more predominant. Finally, 
squareness or parallelism of occlusal planes was 
usually associated with forward growth; whereas 
diverging ones, with vertical growth. 
On the basis of these criteria, there were found 
to be thirty-six vertical growth patterns, and fifty-
one forward ones in all the malocclusions of the total 
sample. According to malocclusions, the growth patterns 
were distributed in this fashion: class I - nineteen 
vertical and twenty-three horizontal; fourteen vertical 
and twenty-five horizontal in class II; and three each 
of vertical and horizontal in class III. 
D. Methods of 'Measurement (Fig. 14) 
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Soft palate inclination was measured by intersection 
of the palatal plane and the line joining PNS and ISP. 
Tongue position was measured only in a vertical 
position, as the anterior portion of it or the tip, 
was frequently obscured by the mandibular incisors 
on the radiograph. A line was drawn parallel to the 
palatal plane and tangent to the most superior point on 
the dorsurn of the tongue. A perpendicular was raised from 
this point to the palatal plane, in order to measure 
elevation or depression of the tongue. 
To measure the hyoid bone position, four 
measurements were used - two angular and two linear. These 
were angle NSH and SH linear, and angle GoGnH and GH 
linear. The first two gave the relative position of the 
hyoid bone to the cranial base, and the latter two, to 
the mandible. 
The following dental relationships were measured : 
1. In centric occlusion ••••• 
a. occlusal plane to SN plane 
b. Overbite was measured as the vertical difference 
between incision inferius and incision superius, 
perpendicular to the palatal plane. 
c. Overjet was measured as the horizontal difference 
between incision superius and the most labial 
point of the most prominent mandibular incisor, 
parallel to the palatal plane. 
2. In rest position ••••• 
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a. The mandibular occlusal plane relative to the 
maxillary occlusal plane (Fig. 15). The mandibular 
Figure 15. 
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A ~racing of a Lateral Cephalogram 
at Rest Position, Showing the Positional 
Changes of the Mandible and Its Associated 
Structures, and the Change of the Occlusal 
Planes Angulation, from Centric Occlusion 
~----------------______, 
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occlusal plane was drawn to coincide with the 
occlusal plane in the centric occlusion radio-
graph by superimposing the tracing of the 
mandible at rest position on the mandible in 
the centric occlusion tracing. In this fashion, 
the maxillary occlusal plane was also drawn. 
b. Posterior freeway space was measured as the 
vertical difference between the disto-buccal 
cusps of the first permanent molars perpendicular 
to the maxillary occlusal plane. 
c. Anterior freeway space was measured as the 
vertical distance incision inf erius moved 
inferiorly from centric to rest position, 
measured perpendicularly to the maxillary 
occlusal plane. 
d. Curve of Spee - an imaginary curve passing through 
the condyle and the cusps of the teeth, and ending 
at the incisal edges of the mandibular central 
incisors. It was measured as the perpendicular 
distance from a line joining the disto-buccal cusp 
of the left mandibular first molar, and incision 
inferius, to the point of deepest curvature of 
the buccal occlusion. This ranged from 0 to 
3 mm. 
All the results were then tabulated and recorded, 
and the level of significance found using statistical 
tests. 
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Personal tracing error was finally computed to see 
whether there was a significant variance that would affect 
the significance of the measurements taken. In order to 
do this, one lateral cephalogram was traced five times at 
different times - in centric occlusion, and nine measurements 
were made on each tracing. It was found that in each set 
of measurements, the amount of variance was + 0.5 mm. or 
± 0.5 deg. or less, from the arithmetic mean value. Due 
to the fact that all measurements were taken to the nearest 
half degree and the neare~t half millimeter, it was felt 
that the tracing error would be incorporated into the 
measurement error, and would be not significant to the 
final results. 
E. Interrelation of Data 
Having divided the total sample into predominantly 
horizontal growth patterns of the jaws versus predominantly 
vertical, the following specific relationships will be 
studied: 
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1. Anatomical interrelations ••••• 
2. 
a. A comparison of tongue, hyoid bone and soft palate 
positions in centric occlusion and rest position 
relating vertical and horizontal growth trends: 
i. within each class of malocclusion 
ii. between each class of malocclusion 
iii. irrespective of classes of malocclusion 
Dental interrelations 
• •••• 
a. Overbite, overjet, and curve of Spee comparing 
growth trends: 
i. within each class of malocclusion 
ii. between each class of malocclusion 
iii. irrespective of classes of malocclusion 
b. Anterior and posterior freeway space, occlusal 
planes angle and angle NSO comparing growth 
trends: 
i. within each class of malocclusion 
ii. between each class of malocclusion 
iii. irrespective of classes of malocclusion 
c. Anterior freeway space related to posterior 
freeway space as stated above. 
d. Curve of Spee related to overbite as stated above. 
3. Skeletal and dental interrelations • • • • • 
a. Tongue position related to overbite and overjet 
comparing growth patterns: 
i. within each class of malocclusion 
ii. between each class of malocclusion 
I 
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iii. irrespective of classes of malocclusion 
F. Statistical Methodology 
The tabulated results were then analyzed with a 
Monroe electric calculator to obtain the following data: 
1. Arithmetic mean - a measure of the central 
tendency arrived at by adding all measurements 
and dividing the sum by the number of individuals. 
Arithmetic mean -= x = Sx 
-n 
2. Standard deviation - this permits delineation 
of a zone or range within which a given portion 
of the original observations normally will lie. 
Thus, about 68% of the individuals will have a 
value within the limits, the mean ± s; 95% will 
be within the limits, the mean + 2s. 
Standard deviation = s = Sx2 - (Sx)2 
n 
n - 1 
3. "t" value - this determines significant 
differences between unequal groups. If t, 
as calculated from such data exceeds a 
selected critical level, such that the level 
of probability is 5% or less, the difference 
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between the means is then said to be significant. 
It is assumed, of course, that the difference 
is the result of the particular conditions or 
treatments employed. In our study, a 5% level 
or less will be considered statistically 
significant. Any values found to exceed the 
5% level of probability will be considered not 
significant. The level of probability is 
found on a t value table, e.g. at 5% significance 
level, the probability = p = 0.05. At the 1% 
level, p = 0.01 and at the .1% level, p = 0.001. 
A t value was not calculated, if by observation 
the difference between the means was less than 
a critical value above which the difference was 
significant. 
- -xl x2 
t = 
2 
+ 
2 
sl s2 
nl nl 
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4. Correlation coefficient - used to test the 
significance or degree of reliability of the 
relationship between two variables. The 
limiting values of r = +1 and -1. Positive 
values of r indicate that the two variables 
tend to vary in the same direction, and negative 
values of r indicate that variation is in the 
opposite directions. The value of r found was 
then looked up in a table to obtain the level 
of significance according to the degrees of 
freedom used. The 5% level or less where p - 0.05 
or less was again deemed significant. 
Sxy 
Correlation coefficient = r = ~----~~--~~~ 
J~x~ 
Here x and y indicate the deviate values of 
X and Y from the mean. 
CHAPTER IV 
RESULTS 
Tables 1, 2 and 3 show the values for soft palate 
inclinations at centric and rest position, comparing the 
vertical and horizontal growth trends in the classes of 
malocclusion I, II and III respectively. Table 4 gives a 
summary of the statistical data on the soft palate 
inclinations and provides the following information: 
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The mean value, the standard deviation, the t value, and 
the probability value - p. Interrelating centric vertical 
and centric horizontal values, and rest vertical and rest 
horizontal values, t was found to be less than 1.34 in 
all relations. Considering the degrees of freedom, the 
significance was found to be p = > 0.01. Because it 
had been decided that any changes would be deemed 
statistically significant only if the level of probability 
were 0.05 or less, the changes of soft palate inclination 
from centric to rest position and the changes due to 
growth trends, were insignificant when all three classes 
of malocclusion were considered. In the class III 
malocclusions, no statistical tests were performed 
because it was felt that six subjects were too few for 
statistical evaluation. 
Tables 5, 6 and 7 show the values for the tongue 
positions at centric and rest position, comparing the 
vertical and horizontal growth trends in each of the 
three classes of malocclusions respectively. Table 8 
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is the summary of the statistical data on tongue positions. 
Again this shows a mean value, the standard deviation, 
the t value, and the level of probability. In class I 
malocclusions, comparing the tongue positions at centric 
occlusion in the two growth trends, no statistical 
significance was found. However, comparing the same 
at rest position, the tongue was found to lie lower 
in class I vertical growers, where the level of probability 
was 0.05. The same pattern persisted in class II 
malocclusions. In addition, it was found that the tongue 
dropped significantly as rest position was assumed in 
each type of growth trend, and within each class of 
malocclusion. In class III malocclusions, the tongue 
was found to lie lower away from the hard palat~ than 
in either of the other two classes, and it dropped less 
when the mandible assumed rest position. Here no 
difference was noted between the growth trends. 
Irrespective of the various classes the tongue 
position at centric occlusion showed no variance when the 
vertical and horizontal growth trends were compared. 
Here p = > 0.05. However, comparing the same at 
rest position, the tongue was found to lie lower in 
the vertical type growth trend, where p = < 0.001. 
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The tongue in both growth patterns was shown to drop as 
rest position was assumed where p = 0.001 in the vertical 
patterns, and p = 0.01 in the horizontal ones. It was 
also noticed, by comparing the mean values, that the 
tongue dropped more in vertical patterns than in the 
horizontal ones. When the classes of malocclusion were 
interrelated, the tongue position at centric occlusion 
in vertical growers, showed no difference between class 
I and II malocclusions. However at rest position, the 
tongue lay lower in the class I malocclusions than it 
did in the class II, where p = 0.05. Then the tongue 
position at centric occlusion and at rest position was 
shown to be lower in the class I malocclusions than in 
the class II, in horizontal growers in both instances. 
The level of probability was < 0.01 for the former, 
and < 0.001, for the latter. 
Tables 9 and 11 show the positions of the hyoid bone 
in class I and II vertical malocclusions respectively, 
and tables 10 and 12, the positions in classes I and II 
horizontal respectively. Table 13 shows the positions 
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of the hyoid bone in class III malocclusions, and 
table 14, the summary of the data on these positions. 
Table 14 shows that when the three classes of malocclusion 
were evaluated separately and compared with each other, 
the position of the hyoid bone remained fairly stable 
as the mandible dropped from centric occlusion to rest 
position, in both the vertical and the horizontal growth 
trends. This was indicated by the fact that the angles 
NSH, and HGnGo, and linear SH did not change appreciably. 
Only linear GH showed a tendency to decrease as the chin 
point Gn dropped downward and backward, as rest position 
of the mandible was assumed. Nevertheless, the change 
was not statistically significant. 
Table 15 shows the summary of statistical data on 
hyoid bone positions when the totalled vertical and 
horizontal growth trends were compared. At centric 
occlusion, the hyoid bone was found to lie more posteriorly 
and more downward in vertical growth patterns than in 
horizontal ones. Linear GH and SH failed to show any 
significant differences between the types of growth 
trends. At rest position, according to the data, the 
pattern of the results was seen to closely approximate 
that of the positions at centric occlusion. Comparison 
of the various classes was not made, because from 
inspection of our data, previous findings were 
substantiated that the hyoid bone did not vary in its 
position between each class of malocclusion. 
B. Dental Relationships 
Tables 16, 17 and 18 show the values of the curve 
of Spee, overbite and overjet in each of the three 
classes of malocclusion respectively. Table 19 gives 
the sw1m1ary of the statistical data on these values. 
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In class I malocclusions, when the vertical and horizontal 
growth trends were compared, there was found to be no 
significant differences in the curve of Spee, overbite 
and overjet. In class II cases, the same pattern was 
found, except a tendency for these values to be higher 
in the horizontal growers was shown. Class III 
mal~cclusions showed a curve of Spee to approximate 
zero, and negative values were measured for the overbite 
and the overjet. When class I and II vertical malocclusions 
were related, the curve of Spee, overbite and overjet 
values were significantly higher in the class II group, 
where p = ( 0.01. The same pattern was found relating 
the horizontal growth patterns. Here the level of 
significance was less than 0.001. However, when the 
total vertical patterns of growth were compared with 
the total horizontal ones irrespective of class no 
significant differences were found. 
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Tables 20, 21 and 22 show the values for the freeway 
space, angle NSO, and occlusal planes angle in each of 
the three classes of malocclusion. Table 23 gives the 
summary of the data on these measurements. Evaluating 
the vertical and horizontal growth trends in class I 
cases, the posterior freeway space was fowid to be 
significantly smaller than the anterior one in both 
growth trends, where p = 0.001 for the former, and 
p = 0.10 for the latter. The anterior freeway space 
and the posterior freeway space showed no significant 
difference between the growth trends. In class II and 
III malocclusions, the anterior freeway space was 
again found to be larger than the posterior one. Yet, 
when growth trends were compared in class II cases, 
no significant differences were found between the 
posterior freeway spaces; but the anterior freeway 
spaces showed a difference where p = < 0.05. In the 
comparison of the total vertical and horizontal groups, 
irrespective of class, no significant differences were 
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found between the anterior or between the posterior 
freeway spaces. The anterior freeway space, however, 
was always significantly larger than the posterior one 
within the growth trends. Interrelation of class I and 
II malocclusions revealed the following results: The 
anterior freeway space in class II vertical malocclusions 
was larger than that in those of class I vertical where 
p = 0.001 and the posterior freeway spaces showed no 
difference in each type of growth trend. In the horizontal 
patterns, no difference was found between class I and II 
malocclusions, when the anterior and posterior freeway 
spaces were compared. 
Angle NSO, in class I malocclusions, was significantly 
larger in the vertical patterns where p =) 0.001. A 
similar trend was observed in each of the other two 
I 
classes, but this was not significant. This angle 
was also found to be significantly larger in the total 
vertical group as compared to the horizontal one, where 
p = < 0.001. Furthermore;. this angle was greater in 
the class I vertical cases than in the class II vertical 
ones when p = 0.01, but no significant difference was 
shown between the horizontal class I and II cases. 
The occlusal planes angle had only a tendency 
to be greater in the vertical growth pattern in each 
class of malocclusion, and this was significantly 
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larger in the class II cases. In addition, no significant 
differences were found when the class I and II malocclusions 
were interrelated or summed. 
c. Anatomical and Dental Interrelationships 
Finally table 24 shows the correlation of tongue 
position with overjet and overbite, and the curve of Spee 
with overbite, where the correlation co-efficient r was 
used to determine significant differences. Because 
in all cases, p was found to be greater than 0.05, ,it 
was concluded that there was no significant relationship 
of tongue position to overbite and overjet, and curve 
of Spee to overbite. Only in class II cases, did the 
correlation between the curve of Spee and overbite have 
a tendency to be higher than in the class I cases. 
I 
II 
III 
A. 
c. 
H. 
No. 
P. 
p 
R. 
r 
s 
t 
v. 
Key to the Symbols Used in the Subsequent Tables 
Class I malocclusion 
Class II malocclusion 
Class III malocclusion 
anterior 
centric occlusion 
horizontal growth pattern 
the subject's number in the study 
posterior 
the level of probability 
rest position 
the co-efficient of correlation 
one standard deviation from the mean 
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the t value used to find statistical significance 
vertical growth pattern 
r 
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Table I. Statistical Data on Soft Palate Inclinations 
Class I Malocclusion 
VERTICAL HORIZONTAL 
No. c R No. c R 
1. 128.0° 130. 5° 37. 127.0° 122.0° 
2. 131.0 131.0 38. 136.5 123.5 
3. 138.0 137.0 39. 133.5 132.0 
4. 138.0 143.5 40. 131.0 133.0 
5. 130.5 128.0 41. 141.0 154.0 
6. 138.0 131.5 42. 130.5 125.0 
7. 151.0 138.0 43. 138.0 137.0 
8. 138.0 136.0 44. 130.5 138.0 
9. 136.0 132.5 45. 145.5 145.0 
10. 140.0 126.5 46. 133.5 135.0 
11. 137.0 137.5 47. 144.5 144.0 
12. 122.0 131.0 48: 133.5 132.5 
13. 146.0 140.0 49. 133.0 132.0 
14. 133.0 136.0 50. 135.0 136.0 
15. 132.0 131.0 51. 123.5 124.5 
16. 137.5 144.0 52. 132.0 124.0 
17. 134.5 133.5 53. 123.0 121.5 
18. 139.0 131.0 54. 123.0 123.5 
19. 146.0 145.0 55. 137.0 138.0 
56. 129.5 127.0 
57. 134.0 127.0 
SB. 153.0 148.0 
59. 134.0 136.0 
~ 
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Table 2. Statistical Data on Soft Palate Inclinations 
Class II Malocclusion 
VERTICAL HORIZONTAL 
No. c R No. c R 
20. 140.5° 135.0° 60. 133.5° 135.0° 
21. 146.0 130.5 61. 121.0 124.0 
22. 146.0 148.0 62. 135.0 129.0 
23. 147.0 144.0 63. 134.0 137.0 
24• 131.0 132.0 64. 128.0 130.0 
25. 143.0 137.5 65. 137.0 132.0 
26. 142.0 142.0 66. 152 .o 138.0 
27. 131.0 131.0 67. 132.5 138.0 
28. 130.5 131.0 68. 135.0 149.0 
29. 133.0 125.0 69. 136.0 123.0 
30. 138.0 135.0 70. 141.0 140.5 
31. 141.s 135.0 71. 139.0 132,0 
32. 141.0 142.s 72. 144.0 140.0 
33. 139.5 140.0 73. 126.5 128.5 
74. 139.0 141.5 
7 s. 144.0 148.0 
76. 125.0 134.0 
77. 140.0 133.0 
78. 143.5 134.5 
79. 120.0 130.0 
Bo. 144.0 141.5 
81. 142.0 141.5 
82. 141.5 136.0 
83. 140.0 137.0 
84. 130.0 130.5 
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Table 3. Statistical Data on Soft Palate Inclinations 
Class III Malocclusion 
VERTICAL HORIZONTAL 
No. c R No. c R 
34. 118.5° 116.0° 85. 125.0° 123.5° 
35. 141.0 140.0 86. 142.0 132.0 
36. 136.0 137.0 87. 139.5 140.0 
r 
t 
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Table 4. Statistical Data Swnmary on Soft Palate Inclinations 
VERTICAL HORIZONTAL 
c R c R. 
Class I Mean 136.6° 134.9° 134.0° 133.0° 
s + 6.5 5.3 7.1 8.7 
Class II Mean 139.3 136.3 136.1 135. 3 
s + 5.6 6.3 7.6 6.3 
Class III Mean 131. 8 131.0 135.5 131.8 
s + 9.6 10.6 7.5 6.7 
Sum Mean 137.3 135.1 135.1 134.1 
s + 6.8 6.4 7.4 7.6 
t p 
Class I vc vs. VR < 1.34 > 0.10 
HC vs. HR < 1.34 > 0.10 
vc vs. HC ~ 1.34 > 0.10 
VR vs. HR <.. 1.34 > 0.10 
Class II vc vs. VR < 1.34 > 0.10 
HC vs. HR < 1.34 > 0.10 
vc vs. HC <. 1.34 > 0.10 
VR vs. HR < 1.34 > 0.10 
Sum vc vs. VR < 1.34 > 0.10 
HC vs. HR < 1.34 > 0.10 
vc vs. HC < 1.34 > 0.10 
VR vs. HR < 1.34 > 0.10 
Class I vc vs. II vc < 1.34 > 0.10 
VR vs. II YR < 1.34 > 0.10 
HC vs. II HC < 1.34 > 0.10 
HR vs. II HR < 1.34 > 0.10 
r 
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Table 5. Statistical Data on Tongue Positions 
Class I Malocclusion 
VERTICAL HORIZONTAL 
No. c R No. c R 
1. 14.0 mm. 13.0 mm. 37. 3.5mm. 10.0 mm. 
2. 9.5 14.0 38. 13.5 10.0 
3. 12.0 11. 5 39. 7.0 12.5 
4. 9.0 6.o 40. 13.0 11.0 
5. 5.0 11. 5 41. 2.5 3.0 
6. 2.5 15.5 42. 6.5 11. 5 
7. 8.o 9.5 43. 2.5 2.5 
8. 2.0 12.0 44. 2.0 7.5 
9. 11.0 10.5 45. 7.5 7.0 
10. 8.o 14.5 46. 3.0 10.5 
11. 3.0 15.5 47. 3.5 10.5 
12~' 14.0 15.0 48. 10.5 12.0 
13. 1.0 8.o 49. 8.o 12.0 
14. 3.5 12.0 so. 10.0 14.0 
15. 3.0 8.o 51. 3.5 1.5 
16. 8.o 8.o 52. 11.0 4.5 
17. 5.0 10.5 53. 2.0 8.o 
18. 6.5 13.0 54. 11.0 11.0 
19. 11.5 21.0 55. 7.5 10.5 
56. 6.o 6.5 
57. 6.o 6.5 
58. 8.o 8.5 
59. 6.5 11.0 
r 
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Table 6. Statistical Data on Tongue Positions 
Class II Malocclusion 
VERTICAL HORIZONTAL 
No. c R No. c R 
20. 3.5 mm. 7.5 nun. 60. 2.0 mm. 5. 5mm. 
21. 11.0 10.5 61. 2.0 4.5 
22. 6.o 10.0 62. 9.0 4.5 
23. 11.0 15.0 63. 9.0 9.0 
24. 12.0 12.5 64. 9.5 9.5 
25. 2.5 9.0 65. 5.5 4.5 
26. 5.0 9.0 66. 2.0 5.5 
27. 13.0 13.5 67. 3.5 7.0 
28. 3.0 6.o 68. 2.5 11.0 
29. 5.5 13.0 69. 5.5 9.0 
30. 9.0 8.o 70. 1.5 10.0 
31. 6.o 6.o 71. 10.0 7.0 
32. 4.5 8.o 72. 2.0 3.5 
33. 4.0 10.5 73. 4.0 10.5 
74. 2.5 2.0 
7 5. 8.o 10.0 
76. 10.5 8.5 
77. 5.0 4.5 
78. 5.5 10.0 
79. 2.0 7.0 
80. 6.o 9.5 
81. 7.0 8.o 
82. 2.0 4.5 
83. 5.0 5.0 
84. 6.o 11.0 
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Table 7. Statistical Data on Tongue Positions 
Class III Malocclusion 
VERTICAL HORIZONTAL 
No. c R No. c R 
34. 12.0 mm. 10.5 mm. 85. 12.5 mm. 7.5 mm. 
35. 12.0 12.0 86. 6.5 6.5 
36. 6.o 9.0 87. 9.0 7.0 
r-
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Table 8. Statistical Data Swnmary on Tongue Positions 
VERTICAL HORIZONTAL 
c R c R 
Class I Mean 7.5mm. 12.lmm 6.7rnm 8.8rnm. 
s + 3.7 3.3 3.5 3.3 
Class II Mean 6.9 9.9 5.1 7.2 
s + 3.5 2.7 2.9 2.6 
Class III Mean 10.0 10.5 9.3 7.0 
s + 2.8 1.2 2.5 0.4 
Sum Mean 7.5 11.1 6.1 7.9 
s + 3.7 3.2 3.3 3.5 
t p 
Class I vc vs. VR 3.87 < 0.001 
HC vs. HR 2.04 o.os 
vc vs. HC 0.70 > 0.10 
VR vs. HR 3.08 > 0.001 
Class II vc vs. VR 2.45 < 0.05 
HC vs. HR 2.65 > 0.01 
vc vs. HC < 1.70 > 0.10 
VR vs. HR 2.99 < 0.01 
Sum vc vs. VR 4.39 < 0.001 
HC vs. HR 2.64 < 0.01 
vc vs. HC 1.83 > o.os 
VR vs. HR 4.31 < 0.001 
Class I vc vs. II VC 0.45 > 0.10 
VR vs. II VR 2.45 < 0.01 
HC vs. II HC 2.90 < 0.01 
HR vs. II HR 3.60 < 0.001 
Table 9. Hyoid Bone Positions in Vertical Class I Malocclusion 
Angle NSH GoGnH Linear SH GH 
No. c R c R c R c 
1. 96.0° 92.5° 24.0° 20.5° 106.5mm. 108.omm. 55.omm. 
2. 95.0 92.5 27.0 27.5 115.0 118.0 48.0 
3. 99.0 103.5 26.5 28.0 102.0 98.0 59.0 
4. 92.5 91.0 12.0 5.5 98.0 93.5 54. 5 
5. 94.0 96.0 26.0 27.0 125.0 126.0 45.5 
6. 96.0 97.5 31.0 35.5 114.0 118.5 44.0 
7. 100 .o 98.0 15.5 22.0 83.5 96.0 55.0 
8. 91.0 91.0 19.0 16.0 110.0 107.0 53.5 
9. 95.0 92.0 12.0 1.0 94.0 95.5 45.0 
10. 97.5 95.5 28.0 22.0 114.0 110.0 55.0 
11. 102. 0 99.0 18.0 20.5 91.5 100.5 54.0 
12. 87.0 86.o 29.5 30.0 128.5 131.0 42.0 
13. 77.0 97.5 34.0 36.0 113.0 115.5 40.5 
14. 101.0 96.0 17.0 17.0 98.5 102.0 61.5 
15. 94.0 93.0 15.0 24.0 96.0 105.0 55.0 
16. 92.5 93.0 19.5 13.0 107.0 105.5 48.5 
17. 97.0 97.0 30.0 30.5 103.5 106.5 49.0 
18. 97.0 94.0 21.0 20.5 99.5 103.0 59.5 
19. 97.0 99.0 16.0 16.0 100.5 101.0 52.2 
R 
49.omm. 
44.0 
57.5 
52. 5 
52. 5 
44.0 
45.0 
51.0 
46.0 
50.0 
50.5 
39.5 
41.5 
52.0 
47.0 
45.0 
47.0 
49.0 
54.0 
'l 
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Table 10. Hyoid Bone Positions in Horizontal Class I Malocclusion 
Angle NSH GoGnH Linear SH GH 
No. c R c R c R c 
37. 92.0° 91.0° 16.0° 20.5° 103.omm. 109.omm.. 63.5mm. 
38. 87.5 86.o 21.0 14.0 108.0 103.0 51.0 
39. 101.0 97.0 17.5 16.0 100.5 104.0 56.6 
40. 87.5 91.5 18.0 24.0 104.5 107.G 49.5 
41. 92.0 91.5 18.0 13.0 103.0 98.0 57.0 
42. 91.0 89.5 21.0 24.0 103.0 110.0 47.0 
43. 81.5 85.0 18.0 14.0 100.0 97.5 48.0 
44. 88.o 91.0 19.0 14.0 102.0 100.0 52.5 
45. 91.5 90.0. 21.0 20.s 98.5 100.0 60.0 
46. 93.0 93.0 15.0 18.0 88.o 93.0 46.5 
47. 90.5 89.5 11.0 18.0 97.0 105.5 51.5 
48. 89.5 89.0 24.0 16.0 119.0 115.5 42.5 
49. 93.0 91.5 17.5 15.0 106.0 106.0 50.5 
so. 92.0 89.0 20.0 17.0 106.0 108.5 54.0 
51. 90.0 88.o 16.5 10.0 93.5 92.0 49.5 
52. 97.0 82.0 19.0 16.5 101.0 100.0 64.0 
53. 92.0 90.5 18.0 14.5 94.0 92.5 55.0 
54. 89.0 90.0 17.5 14.0 112.0 110.5 50.0 
55. 87.0 88.o 24.5 25.0 107.0 109.0 47.0 
56. 88.5 84.5 11.0 15.5 92.0 97.5 44.5 
57. 90.5 91.0 24.0 22.0 109.0 111.0 45.0 
58. 93.5 92.0 22.0 18.0 108.0 107.5 57.5 
59. 93.5 93.0 22.0 23.5 105.0 109.0 59.0 
"~ 
R 
59.omm. 
51.0 
51.0 
48.5 
58.o 
37.0 
48.5 
53.0 
56. 5 
44.5 
43.0 
45.5 
48.o 
46.5 
45.5 
56.0 
53. 5 
52. 5 
46.5 
35.5 
42.0 
53. 5 
56.0 
'1 
'1 
Table 11. 
Angle NSH 
No. c R 
20. 97.0° 95.0° 
21. 101.0 101.0 
22. 103.0 103.0 
23. 99.0 100.0 
24. 97.0 93.0 
25. 91.0 90.0 
26. 93.0 96.0 
27. 85.0 86.o 
28. 90.5 89.5 
29. 95.0 92.5 
30. 92.0 90.0 
31. 91.5 90.0 
32. 91. 5 90.0 
33. 90.5 90.0 
Hyoid Bone Positions in Vertical Class II Malocclusion 
· GoGnH Linear SH GH 
c R c R c 
22.5° 11.0° 109.omm. 108.omm. 56.omm. 
25.0 24.0 115.0 118.0 56.0 
25.0 32.5 101.0 108.5 55.5 
21.5 24.0 110.0 114.0 59.0 
30.5 21.0 109.5 109.5 53 .o 
13.0 13.5 95.5 99.5 48.5 
22.0 23.0 . 99.0 103.5 42.5 
35.0 30.5 123.5 122.0 41.0 
83.0 24.0 115.0 114.0 38.o 
21.0 24.0 116.0 118.0 53 .o 
34.5 29.0 108.0 106.0 44.5 
24.0 23.0 95.5 98.0 50.0 
15.0 11.0 104.5 107.0 64.0 
22.0 24.0 108.0 112.5 50.0 
R 
52.omm. 
47.0 
50.0 
57.0 
42.0 
42.0 
44.5 
38.5 
38.0 
46.0 
39.5 
46.0 
·51.0 
49.0 
'-l 
00 
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Table 12. Hyoid Bone Positions in Horizontal Class II Malocclusion 
Angle NSH Angle GoGnH Linear SH GH 
No. c R c R c R c 
60. 77.5° 79.0° 10.0° 12. 5° 101.omm. 104.0mm. 44.omm. 
61. 82.0 80.0 6.o o.o 92.0 94.0 42.0 
62. 90.0 89.0 17.0 16.o 102.5 102.5 48.0 
63. 99.0 98.5 18.o 16.0 99.0 98.0 53.0 
64. 98.5 88.5 35.0 32.0 113.0 112.0 43.0 
65. 86.o 83.5 26.0 18.0 105.0 104.0 47.0 
66. 89.4 87.5 18.0 18.0 108.0 101.0 44.0 
67. 85.0 90.0 23.5 23.0 106.0 107.0 57.5 
68. 95.5 98.0 31.5 33.0 110.5 112.0 54.0 
69. 81.0 83.0 10.0 9.5 112.5 113.5 38.0 
70. 96.0 97.0 28.0 28.0 115.0 119.0 51.0 
71. 90.0 90.0 26.5 20.0 114.0 113.0 48.0 
72. 94.5 91.0 12.5 14.5 86.o 90.5 54.5 
73. 89.0 91.0 18.5 19.0 107.0 111.5 52.0 
74. 90.5 91.0 20.5 18.0 101.5 100.0 47.0 
7 5. 93.0 92.0 15.0 18.5 98.0 102.0 59.0 
76. 98.0 98.0 31.0 24.0 112.0 106.0 53. 5 
77. 96.0 95.0 20.5 20.0 102.0 102.0 51.0 
78. 82.0 81. 5 20.5 21.5 128.5 131.0 61.0 
79. 84.0 85.0 22.5 17.0 104.0 103.5 41.5 
80. 94.5 95.0 17.0 17.5 92.5 96.5 53.0 
81. 94.0 93.0 17.0 13.0 108.5 97.5 55.5 
82. 92.0 91.0 21.0 16.5 88.5 89.0 49.0 
83. 94.0 92.0 15.5 13.0 94.0 93.0 53.0 
84. 92.0 91.0 20.0 17.0 96.0 98.0 50.0 
R 
40.5mm. 
43.0 
45.5 
51.0 
38.5 
42.5 
41.0 
60.5 
55.0 
38.0 
47.0 
46.5 
49.0 
53. 5 
48.5 
54.0 
53. 5 
49.0 
58.5 
46.5 
50.0 
52. 5 
47.0 
50.5 
43.5 
......., 
'° 
'~ 
Table 13. Hyoid Bone Positions in Vertical and Horizontal Class III Malocclusions 
YERTICA_h Angle NSH GoGnH 
No. c R c 
34. 98.0° 96.0° 30.0° 
35. 88.5 87.5 22.0 
36. 83.5 86.o 18.0 
HORIZONTAL 
85. 88.o 86.o 21.0 
86. 88.o 86.5 7.0 
87. 86.o 85.5 17.5 
Linear SH 
R c R 
27.5° 105.5mm. 105.smm. 
19.5 110.0 109.0 
20.0 111.5 112.0 
17.0 106.5 106.0 
7.0 94.0 97.5 
16.5 105.0 106.5 
GH 
c 
56. 5mm. 
54. 5 
36.0 
51.0 
65.0 
53. 5 
R 
52.omm. 
54.0 
38.0 
46.0 
57.0 
51.0 
00 
0 
·.·~ 
Table 14. Swnmary of Statistical Data on Hyoid Bone Positions 
Class I Mean 
s 
Mean 
s 
Class II Mean 
s 
Mean 
s 
Class III Mean 
s 
Mean 
s 
+ 
+ 
+ 
+ 
+ 
+ 
Angle NSH 
v. 
c R 
95.8° 94.9° 
3.5 3.8 
Linear SH 
105.3mm.107.4mm. 
11.0 10.0 
Angle NSH 
94.1° 93.3° 
4.7 4.9 
Linear SH 
107.8mm.109.9mm. 
7.8 6.7 
Angle NSH 
90.0° 89.8° 
6.o 4.4 
Linear SH 
109.omm.108.8mm. 
2.5 2.7 
NSH GoGnH 
H. v. 
c R c R 
90.9° 89.7° 22.2° 22.0° 
3.7 3.1 6.6 8.2 
SH GH 
102.7mm.103.8mm. 51.4mm. 48.3mm. 
6.8 6.4 5.9 4.4 
NSH GoGnH 
90.5° 90.0° 25.0° 22.9° 
5.8 5.4 6.4 5.7 
SH GH 
103.9mm.104.1mm. 50. lmm. 46. Omm. 
9.4 9.3 6.2 5.3 
NSH GoGnH 
87.3° 86.0° 23.3° 22.3° 
1.0 0.4 5.0 3.7 
SH GH 
101.8mm.103.2mm. 49.0mm. 48.omm. 
5.6 4.0 9.2 7.1 
GoGnH 
H. 
c R 
19.3° 17.5 0 
3.5 4.0 
GH 
52.2mm. 49.2 mm. 
5.9 6.2 
GoGnH 
20.0° 18.3 
6.8 6.6 
GH 
50.omm. 48.2 
5.6 5.8 
GoGnH 
15.2° 13.5 
5.9 4.6 
GH 
56.5mm. 51.3 
6.1 4.5 
0 
mm. 
0 
mm. 
00 
....... 
"""! 
··~ 
Table 15. Summary of Statistical Data on Hyoid Bone Positions Interrelated 
Angle NSH NSH GoGnH GoGnH 
v. H. v. H. 
c R c R c R c R 
Sum Mean 94.7° 93.8° 90.5° 89.6° 23.4° 22.4° 19.4° 17.6° 
s + 4.5 4.9 4.8 4.4 6.5 7.1 5.8 5.6 
Linear SH SH GH GH 
Mean 1o6.6mm.108.8mm. 103.2mm.103.9mm. 50.7mm. 47.3mm 51.4mm. 48.8mm. 
s + 9.5 9.6 8.1 7.8 6.4 5.2 5.7 6.o 
NSH GoGnH SH GH 
t p t p t p t p 
Class I VC vs. VR o.1>0.10 0.1 > 0.10 o.6 > 0.10 1.8 < 0.10 
HC vs. HR 1.6 >0.10 1.6 > 0.10 1.6 > 0.10 1.8 < 0.10 
Class II VC vs. VR 0.4 > 0.10 o.8 > 0.10 0.7 > 0.10 1.8 < 0.10 
HC vs. HR ·o.2>0.10 0.7 > 0.10 0.2 > 0.10 1.4 > 0.10 
Sum VC vs. VR o.1>0.10 o.6 > 0.10 o.6 > 0.10 2.5 > 0.01 
HC vs. HR o. 7 > 0.10 1.6 > 0.10 0.5 )0.10 2.2 < 0.05 
VC vs. HC 4. 0 <. o. 001 3.0 < 0.05 1.8 > 0.05 o. 8 > 0.10 
YR vs. HR 4 .1 < o. 001 3. 5 < 0.001 ·2.6 < 0.01 1.5 > 0.10 
00 
N 
~ 
Table 16. Curve of Spee, Overbite and Overjet in Class I Malocclusion. 
Curve of Spee Overbite Over jet 
No. v. No. H. No. v. No.,, H. No. v. No. H. 
1. 1.omm. 37. 1.omm. 1. 5.5mm. 37. 4.omm. 1. 2.smm. 37. o.omm. 
2. o.o 38. 1.0 _ 2. 1.0 38. s.o 2. 2.0 38. 3.5 
3. o.o 39. o.o 3. 3.0 39. 1.0 3. 8.5 39. 10.0 
4. o.s 40. 1.s 4. 5.5 40. 6.s 4. 0.5 40. 3.0 
s. o.o 41. 1.0 s. 2.0 41. 6.o s. 9.0 41. 3.0 
6. 1.0 42. o.o 6. 4.0 41. s.o 6. 7.0 42. 3.0 
7. 1.0 43. 2.0 7. 7.5 42. 6.o 7. o.o 43. o.o 
8. o.o 44. o.s 8. o.o 44. 6.o 8. 3.0 44. 6.o 
9. o.o 45. o.s 9. 4.0 4S. 6.o 9. 1.0 4S. 3.S 
10. o.s 46. o.o 10. 4.0 46. s.o 10. 2.s 46. 6.o 
11. o.o 47. o.s 11. 1.0 47. s.o 11. 4.0 47. 4.0 
12. 1. 0 48. 2.5 12. 6.o 48. s.o 12. 5.5 48. 2.s 
13. 1.0 49. o.s 13. 6.o 49. 2.0 13. 7.0 49. 2.0 
14. o.o so. o.o 14. 2.5 so. 4.0 14. 4.s so. 1.0 
1 S. 2.0 51. 1.0 15. 5.0 s1. 2.0 1 S. 4.0 51. 7.0 
16. 1.5 52. 0.5 16. 4.0 S2. 5.0 16. 8.o 52. 2.0 
17. 1.0 52. 2.0 17. 7.0 53. s.o 17. 2.0 53. 1. 0 
18. 2.0 54. 2.0 18. 6.o 54. 4.5 18. 5.0 54. 8.o 
19. 1.0 55. o.o 19. 5.5 55. 2.0 19. 5.0 55. 3.5 
56. o.s 56. 3.0 56. 1. 0 
57. 1.0 57. 6.o 57. 2.0 
58. 1.5 58. 4.0 58. 4.0 
59. o.o 59. 2.5 59. 7.0 
00 
w 
-- -
.., 
Table 17. Curve of Spee, Overbite and Overjet in Class II Malocclusion 
Curve of Spee Overbite Over jet 
No. v. No. H. No. v. No. H. No. v. No. H. 
20. 2.0mm. 60. 1. Smm. 20. 7.Smm. 60. s.omm. 20. 1.smm. 60. 4.omm. 
21. 2.0 61. 2.5 21. 7.0 61. 5.0 21. 6.o 61. 2.5 
22. 2.0 62. 1.5 22. 11.5 62. 5.0 22. 6.o 62. 11.5 
23. 1.5 63. 2.0 23. 6.5 63. 7.0 23. 7.0 63. 9.0 
24. 1.5 64. 1.0 24. 5.0 64. 9.0 24. 6.5 64. 8.5 
25. 0.5 65. 2.0 25. 2.5 65. 7.5 2g· 6.o 6g· 4.0 
. 26i. 1.5 66 • 1.5 26. 6.o 66. 4.0 2 • 5.0 6 • 13.5 
27. 1.0 67. 1.0 27. 7.0 67. 7.5 27. 12.0 67.;10.o 
28. o.o 68. 1.5 28. 5.5 68. 8.o 28. 7.0 68. 12.5 
29. 1.5 69. 0.5 29. 6.o 69. 4.5 29. 4.0 69. 11.5 
30. 1.5 70. 2.5 30. 12.0 70. 8.o 30. 11.0 70. 8.0 
31. 0.5 71. 2.5 31. 7.0 71. 10.0 31. 10.5 71. 7.0 
32. 1.0 72. 1.5 32. 7.0 72. 7.0 32. 7.5 72. 1.0 
33. 2.0 73. 3.5 33. 6.o 73. 7.5 33. 2.5 73. 13.0 
74. 2.0 74. 6.5 74. 12.0 
7 5. 0.5 7 5. 9.0 75. 8.o 
76. 1.0 76. 6.o 76. 6.o 
77. 2.0 77. 7.0 77. 9.5 
78. 3.0 78. 12.0 78. 7.0 
79. 1.5 79. 6.5 79. 5.0 
Bo. 0.5 Bo. 6.o Bo. 2.0 
81. 2.0 Bl. 6.5 Bl. 7.0 
B2. 2.0 B2. 5.5 82. 4.5 
83. 2.5 83. 7.0 83. 7.0 
84. 1.0 84. 6.o 84. 10.0 
00 
~ 
' 
No. 
34. 
35. 
36. 
Table 18. Curve of Spee, Overbite and Overjet in Class III Malocclusions 
Curve of Spee Overbite Over jet 
v. No. H. No. v. No. H. No. v. No. H. 
o.omm. 85. o.ornm. 34. -1.0rnm. BS. -1.0mm. 34. -3.0mm. 85. -o.smm. 
0.5 86. o.o 35. 2.0 86. -o.s 35. 1.0 86. -1.0 
o.o 87. o.o 36. 3.5 87. 4.0 36. 1.5 87. 0.5 
• 
00 
Vi 
'""""' 
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Table 19. Summary of Statistical Data on Curve of Spee, 
Overbite and Overjet 
Spee Overbite Over jet 
v. H. v. H. v. H. 
Class I Mean o.7mm. o.9mm. 4.2mm. 4.4mm. 4.3mm. 3.6mm. 
s + 0.7 0.7 2.1 1.6 2.6 2.6 
Class II Mean 1.3 1.7 6.9 6.9 7.0 7.6 
s + o.6 o.8 2.3 1.8 2.5 3.4 
Class III Mean 0.2 o.o 
s + 0.2 o.o 
Sum Mean 0.9 1.2 5.3 5.7 5.4 5.7 
s + 0.7 0.9 2.3 2.1 2.9 3.7 
t p t p t p 
Class I v vs. H o.6 >0.10 1.1 > 0.10 < 1. 7 > 0.10 
Class II v vs. H (1.7 )0.10 < 1.7 > 0.10 < 1. 7 > 0.10 
Sum v vs. H<l.7)0.10 o.8 > 0.10 0.3 > 0.10 
Class I v vs. IIV 2.5 0.01 3.4 < 0.001 2.9 < 0.05 
H vs. IIH 3.8<0.001 5.1 < 0.001 4.4 < 0.001 
.""'1111111 
Table 20. Freeway Space, Angle NSO, and Occlusal Planes Angle 
Class I Malocclusion 
Freeway Space (mm.) Angle NSO Occlusal Planes Angle 
v. H. v. H. v. H. 
No. A. P. No. A. P. No. No. No. No. 
1. 6.o 3.0 37. 4.0 1. 0 1. 19.0° 37. 13.5° 1. 5.5° 37. 2.0° 
2. 1.5 1.0 38. 2.5 1.0 2. 19.0 38. 13.5 2. 0.5 38. o.o 
3. 3.0 1.5 39. 7.S 4.5 3. 19.0 39. 13.0 3. 2.0 39. 6.5 
4. 3.0 2.s 40. 6.o 2.0 4. 18.0 40. 14.0 4. 4.0 40. 3.0 
5. 2.0 1.0 41. 2.0 1.5 5. 18.0 41. 24.0 s. 3.0 41. 1.0 
6. 4.0 3.0 42. 1.5 1. 5 5. 22.0 42. 14.s 6. 2.0 42. 5.0 
7. s.s 3.5 43. 3.0 1.0 6. 27.0 43. 14.0 7. 1.s 43. 3.S 
8. 1.5 1.0 44. 1.0 o.s 7. 14.0 44. 17.0 8. o.o 44. s.o 
9. 5.0 2.0 45. 4.0 2.5 8. 23.S 4S. 13.0 9. 0.5 45. 1. 0 
10. 3.s 1.0 46. 4.0 2.0 9. 21.0 46. 17.0 10. 2.5 46. 3.0 
11. 4.5 2.s 47. 2.5 0.5 11. 28.5 47. 9.5 11. 3.0 47. 1.5 
12. 2.0 1. 0 48. 1.0 1.0 12. 20.0 48. 19.0 12. 3.0 48. o.s 
13. 1.0 o.s 49. 10.0 5.0 13. 22.0 49. 12.0 13. 1.0 49. 1.s 
14. o.s o.s so. 1.s 1.5 14. 21.s so. 17.5 14. 1.5 so. 4.0 
1 S. 1.0 1.0 s1. 1.s 1.5 1 s. 19.5 51. 17.s 1s. 2.0 s1. 3.0 
16. 4.0 1.s 52. 9.s 6.o 16. 23.0 52. 17.5 16. 1.0 52. o.o 
17. s.s 3.0 53. 6.o 3.0 17. 20.0 53. 21.0 17. 1.0 53. o.o 
18. 8.o 3.5 54. 9.0 6.o 18 •. 17.0 54. 13.0 18. 6.o S4. 1.5 
19. 3.5 3.0 ss. 2.0 2.0 19. 23.0 55. 17.5 19. 2.0 ss. 1.0 
S6. 4.0 2.0 S6. 17.5 56. 2.5 
57. 4.0 2.0 57. 18.0 57. 2.0 
58. 4.0 3.0 S8. 20.0 . ss. 2.5 
S9. 2.5 l.S 59. 17.5 S9. 1.0 00 
'1 
, 
... 
Table 21. Freeway Space, Angle NSO, and Occlusal Planes Angle 
Class II Malocclusion 
Freeway Space (mm.) Angle NSO Occlusal Planes Angle 
v. H. v. H. v. H. 
No. A. P. No. A. P. No. - No. No. No. 
20. 4.0 2.0 60. 6.o 3.0 20. 16.0° 60. 18.5° 20. 4. 5° 60. 2.5° 
21. 9.0 6.o 61. 1.5 1.0 21. 23.0 61. 20.0 21. 3.0 61. 0.5 
22. 4.5 1. 0 62. 6.5 3.5 22. 17.0 62. 17.5 22. 5.0 62. 3.5 
23. 6.o 1.5 63. 3.0 1.5 23. 20.0 63. 8.o 23. 1.0 63. 2.0 
24. 5.0 1.5 64. 4.0 1.5 24. 16.0 64. 19.0 ,24. 3.0 64. 3.0 
25. 8.o 3.0 65. 3.5 0.5 25. 20.0 65. 13.0 25. 5.5 65. 2.5 
26. 1.5 1.0 66. 3.5 2.0 26. 19.0 66. 21.0 26. 5.0 66. 2.0 
27. 6.o 2.5 67. 5.5 4.0 27. 22.0 67. 16.5 27. 2.0 67. 1.5 
28. 9.0 5.5 68. 5.5 4.0 28. 12.5 68. 13.0 28. 8.0 68. o.o 
29. 5.0 0.5 69. 2.5 1.0 29. 16.5 69. 16.0 29. 2.5 69. 1.0 
30. 2.0 2.0 70. 5.5 3.0 30. 19.0 70. 4.0 30. 0.5 70. 4.5 
31. 11.5 7.0 71. 3.0 2.5 31. 18.0 71. 16.5 31. 3.0 71. 2.5 
32. 3.0 1. 0 72. 6.o 4.0 32. 17.0 72. 15.0 32. 3.0 72. 3.0 
33. 6.o 4.0 73. 6.o 5.0 33. 14.5 73. 19.0 33. 2.5 73. 3.0 
74. 5.5 2.5 74. 11.5 74. 3.5 
75. 0.5 1.0 7 5. 18.5 74. o.o 
79. 8.o 4.5 76. 16.5 76. 4.5 
77. 2.5 1.0 77. 20.0 77. 1.5 
78. 2.0 0.5 78. 13.0 78. 3.0 
79. 2.0 1.0 79. 21.5 79. 1. 5 
so. 1.5 1.5 80. 19.5 80. o.o 
81. 2.5 2.0 81. 7.0 81. 1.0 
82. 5.0 3.5 82. 19.0 82. 2.0 
83. 6.5 3.0 83. 16.0 83. 3.5 
84. 7.0 3.0 84. 18.0 84. 4.0 
00 
00 
No. 
34. 
35. 
36. 
Table 22. Freeway Space, Angle NSO, and Occlusal Planes Angle 
Class III Malocclusion 
Freeway Space (mm.) Angle NSO Occlusal Planes Angle 
v. H. v. H. v. H. 
A. P. No. A. P. No. No. No. No. 
4.5 1.0 85. 3.0 2.0 34. 18.5° 85. 13.0° 34. 4.5° 85. 2.0° 
1.5 1.0 86. 2.5 1.0 35. 15.0 86. 16.0 35. 1.0 86. 2.0 
2.5 0.5 87. 2.0 1.5 36. 17.0 87. 11.5 36. 1.0 87. o.o 
00 
'° 
"'I 
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Table 23. Summary of Statistical Data on Freeway Space, 
Angle NSO, and Occlusal Planes Angle 
Freeway Space (mm.) Angle NSO Angle OP 
v. H. v. H. v. H. 
A. P. A. P. 
Class I Mean 3.4 1.9 4.0 2.3 20.8° 16.1° 2.2° 2.2° 
s + 1.9 1.0 2.7 1.6 3.3 3.2 1.6 1.7 
Class II Mean 5.8 2. 8. 4.2 2.4 17.9 15.9 3.5 2.2 
s + 2.7 2.0 2.0 1.3 2.7 4.4 1.9 1.0 
Class III Mean 2.8 o.8 2.5 1.5 16.8 13.5 2.2 1.3 
s + 1.3 0.3 0.4 0.4 1.4 1.9 1.6 0.9 
Sum Mean 4.3 2.1 4.0 2.3 19.3 16.2 2.7 2.2 
s ± 2.5 1.5 2.3 1.4 3.4 3.1 1.8 1.5 
t p t p t p 
Class I VA vs. HA <. 1.7 > 0.10 4.5 < 0.001 1.7 > 0.10 
VP vs. HP < 1.4 > 0.10 
VA vs. VP 2.9 > 0.001 
HA vs. HP 2.6 < 0.01 
Class II VA vs. HA < 1.7 > 0.10 1. 5 > 0.10 2.7< 0.01 
VP vs. HP < 1.4 > 0.10 
VA vs. VP 3.2 0.001 
HA vs. HP 3. 7 < 0.001 
Sum VA vs. VP 4.2 < 0.001 4.4 < 0.001 1. 7 > 0.10 
HA vs. HP 4.4 < 0.001 
Class I VA vs. II VA 2.9 > 0.001 
VP vs. II VP < 1. 7 > 0.10 
HA vs. II HA < 1. 7 > 0.10 
HP vs. II HP< 1. 7 > 0.10 
Class I v vs. II V 2.6 <. 0.01 2.0 < 0.05 
H vs. II H > 1. 7 > 0.10 1.7 >0.10 
r 
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Table 24. Correlation of Curve of Spee with Overbite, and 
Tongue Position with Overjet and Overbite 
Curve of Spee vs. Overbite r p 
Class I V vs. I V +0.052 > 0.10 
IIV vs. IIV +0.256 > 0.10 
Class I H vs. I H +0.059 > 0.10 
IIH vs. IIH +0.280 > 0.10 
Sum v vs. v +0.057 > 0.10 
H vs. H +0.005 > 0.10 
Tongue Position vs. Over jet 
Class I V vs! IV +0.283 > 0.10 
IIV vs. IIV +0.024 > 0.10 
Class I H vs. I H +0.204 > 0.10 
IIH vs. IIH +0.212 > 0.10 
Sum v vs. v +0.009 > 0.10 
H vs. H +0.084 > 0.10 
Tongue Position vs. Overbite 
Class IV vs. I V +0.402 > 0.10 
IIV vs. IIV +0.152 > 0.10 
Class I H vs. I H +0.094 > 0.10 
IIH vs. IIH +0.231 > 0.10 
Sum v vs. v +0.045 > 0.10 
H vs. H +0.077 > 0.10 
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In this study, soft palate inclination was found not 
to differ appreciably as the mandibular position changed 
from centric occlusion to rest position. This pattern 
persisted when the various classes of malocclusion and 
growth trends were compared. In horizontal growth patterns, 
the soft palate inclination was found to be slightly less 
than that in the vertical growth trend, but the difference 
was not significant statistically. Also, a general trend 
was noticed in the majority of the sample irrespective of 
growth trends of class of malocclusion. This was that the 
soft palate did drop one or several degrees as the lower 
jaw dropped from centric to rest position. This can be 
accounted for in those cases where the posterior surface 
of the tongue contacted the anterior suff ace of the soft pal-
ate. \'/hen the masticatory muscles rela~ed, allowing the 
mandible to assume its rest position, the tongue also 
dropped, thus allowing the soft palate to swing downward 
and anteriorly somewhat. In those cases where the tongue 
did not contact that anterior surf ace of the soft palate 
mentioned, as was found by Thompson55 to be in the 
majority of the cases, the dropping of the tongue as 
mandibular rest position was assumed, may have caused a 
negative air pressure, drawing the soft palate downward 
and forward. Our data then seems to support the concept 
that the soft palate inclination shows no difference 
when the growth trends are compared, within classes, 
between classes, and irrespective of classes. Moreover, 
as rest position is assumed, there is a tendency for the 
soft palate to drop downward and forward one or several 
degrees. 
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Tongue position, however, did show a definite 
correlation to changes in mandibular posture. In all 
classes of malocclusion, irrespective of growth patterns, 
the tongue dropped vertically away from the hard palate 
two to five millimeters, as the mandible assumed rest 
position. This seems obvious as some tongue muscles 
are attached directly to the mandible, e.g. genioglossus, 
so that when the mandible drops, the tongue should drop 
also. \vhen the various growth patterns were compared, 
irrespective of class of malocclusion, the results were 
insignificant, and showed that the tongue in vertical 
growth patterns, does not rest further away from the 
hard palate, when the jaws are in centric occlusion, 
than it does in horizontal growth patterns. Yet, it was 
found to drop more significantly downward than in 
horizontal growth patterns, as mandibular rest position 
was attained. Within each class, even though there · 
was found to be no statistical significance between 
growth patterns at centric occlusion, the position of 
the tongue in vertical growers was still found to be 
lower at rest position. However, in both class I and 
II cases, at rest position, a statistical significance 
was found between the growth trends, where the tongue 
was again lower in the vertical patterns. Since other 
investigators have found that the alveolar bony ridges 
tend to be more narrow (bucco-lingually) and higher 
in vertical growth patterns than in horizontal ones, 
it seems feasible that there would be more space for 
the tongue to occupy within the confines of the lower 
94 
jaw. In horizontal patterns, where there is less ~pace 
the tongue will displace upward and anteriorly, assuming 
that the tongue volume is the same in both types of growth 
trends. In addition, our results show that there tends 
to be a greater anterior freeway space attained in vertical 
patterns than in horizontal ones, as rest position is 
assumed. Thus it would seem that the mandible drops more 
in vertical patterns than in horizontal ones. As 
previously mentioned, since the tongue is directly 
attached to the mandible, it follows that it too would 
drop more in rest position in vertical growth patterns. 
When all classes of malocclusion were interrelated, 
the tongue lay lower in class I vertical cases than i~ 
class II, in rest position only; and in horizontal 
patterns, the tongue lay lower both in centric occlusion 
and at rest position in the class I cases than in the 
class II ones. This showed that the tongue did lie 
more upward and anteriorly in the class II cases. 
Also in class III cases, the tongue was found to lie 
lower away from the hard palate than in any other of 
the two classes, and it dropped less when the mandible 
assumed rest position. This substantiated Graber 1 s 
(p.5) findings that the tingue had found a position 
such that functional equilibrium would be maintained. 
From our results, it was shown that the hyoid 
bone position remained fairly constant as the mandible 
dropped from centric occlusion to rest position in 
both the vertical and horizontal growth patterns. 
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This supported Sicher•s46 statements that the contraction 
of the external pterygoid muscles was directly responsible 
for obtaining rest position, and that the suprahyoid 
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muscles tensed only enough to keep the hyoid bone 
from descending. In our study however, there was a 
tendency for the hyoid bone to drop one or two 
millimeters in a vertical direction, and move the same amount 
anteriorly as rest position was assumed. This movement 
implies an activity of both the supra- and infrahyoid 
muscles. Wood 1 s 61 findings that the hyoid bone dropped 
downward and backward as rest position was assumed 
indicating that only the infrahyoid muscles had been 
involved, were contradicted. We did agree, however, 
with his findings that the chinpoint dropped downward 
and backward several millimeters as rest position was 
assumed. When the growth patterns were compared 
irrespective of class of malocclusion, it was found that 
the hyoid bone lay significantly more superior and 
forward in horizontal growth patterns than in vertical 
ones. Since the hyoid bone is attached directly by 
certain muscles to the tongue, and because the tongue 
in horizontal growth patterns is also in a higher 
and more forward position than in vertical ones, these 
findings are consistent with a pattern~that in the 
various growth trends, compensatory changes in the 
musculature occur. 
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26 When we add these findings to those of Kraut , who 
showed that the hyoid bone is again in a stable position 
regardless of the class of malocclusion, we see that the 
hyoid bone is indeed in a relatively fixed position, 
and that this fact could be utilized in the consideration 
of stable landmarks for cephalometrics. 
When dental relationships were considered, comparing 
the growth trends, several significant results were 
again found. In comparing curve of Spee, overjet and 
overbite, in both types of growth trends, in class I 
and II malocclusions, no significant differences were 
found, other than a tendency for these values to be 
higher in horizontal patterns of the class II cases. 
Nevertheless, these values were significantly higher 
in class II cases when compared to the class I cases, 
but no significant difference was found when the growth 
trends were compared. This substantiates clinical 
findings where in class II cases, the maxilla has grown 
more forward than the mandible creating a larger overjet. 
Then, the mandibular incisors having no opposition, 
continue to erupt until they reach the palatal area 
inunediately lingual to the maxillary incisors. This 
would explain the larger overbite and curve of Spee 
in class II cases. Also the tendency was noted for 
these values to be laraer in class II horizontal cases 
than in each of the other growth trends of class I and 
II malocclusions. In this case, the heavy muscles of 
mastication prevent the overeruption of the buccal 
segments of teeth and help to maintain or even increase 
the curve of Spee and overbite. 
Freeway space was also influenced by the pattern 
of the musculature. The anterior freeway space was 
always found to be larger than the posterior one, 
substantiating Javais 124 findings. Comparing the 
growth trends, no significant differences were found 
between the anterior freeway spaces and posterior ones 
in class I and II malocclusions. Only in class II 
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vertical cases, was the anterior freeway space significantly 
larger than in the horizontal class II cases, and larger 
than in the class I vertical cases. This substantiates 
Rickett 1 s 36 results that in class II cases, as the 
mandible assumes rest position, the condyle shows a 
more forward translatory movement before a rotational 
movement begins. Posterior freeway space remained 
fairly constant when growth patterns were compared, 
and/or classes of malocclusion were interrelated. 
This may be possibly explained by the fact that the 
position of the molars is stabilized by the musculature 
such that variations of this position are minimized. 
Angle NSO also varied significantly as the various 
types of growth patterns were compared. This angle was 
definitely found to be larger in the vertical patterns. 
This could be explained by the fact that the anterior 
portion of the face had grown downward more in the 
vertical growth pattern than in the horizontal one. 
Thus, the maxillary incisors would be at a more inferior 
level, and assuming that molar position was constant, 
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it can be seen how the occlusal plane would be tilted 
downward more in the anterior region. The class I 
vertical cases had the largest value for this very angle, 
and class III, the smallest. In class II cases, no 
significant differnece could be found, possibly because 
the variation was too great in the incisor region for 
this plane to be stable but the value of this angle 
was higher in the vertical pattern. 
The measurements of the occlusal planes angle 
consistently showed that in the vertical patterns, 
the occlusal plane was angled downward more in the 
anterior region in relation to a relatively fixed cranial 
plane, and that as the mandible assumed rest position, 
the number of degrees that the mandible had rotated 
downward and backward was consistently greater in the 
overall vertical patterns. This fact confirms our 
findings of a greater anterior freeway space in the 
overall vertical patterns. Furthermore, as mentioned 
previously, there was found to be more translatory 
movements of the condyle in the fossa in class II cases, 
especially those of horizontal patterns, as the lower 
jaw opened from centric occlusion to rest position. 
Too great of a variation in the amount of translatory 
movement, can possibly explain the non-significant 
results of angle NSO, and the occlusal planes angle 
changes in class II cases in our study. Our findings 
agreed with those of Rickett 1s 39 where he found more 
divergent occlusal planes in vertical growth patterns. 
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When dental and skeletal structures were interrelated, 
no significant relationship of tongue position to overjet 
and overbite, and curve of Spee to overbite, could be 
found. It was felt that the sample used was too s~all 
and the variances between the values were too great to 
find a significant correlation. Only in class II cases, 
did the correlation between the curve of Spee and overbite 
have a tendency to be higher than in the class I cases, 
as is seen clinically. 
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Growth trends are established by the inherent 
genetic patterns which in turn determine the morphology 
and pattern of the musculature. Our data seems to 
support the concept that this pattern of the musculature 
has a direct influence on the position and behaviour 
of the various anatomical and dental structures discussed. 
For example, it was found that the tongue lay in a lower 
position in the vertical patterns at rest, and that the 
hyoid bone was in a more downward and backward position 
in the vertical patterns. Only the soft palate showed 
no significant changes in position when the growth 
patterns were compared. Yet, from observation of the 
means, a trend was noticed that the angulation of the 
soft palate was greater with respect to the hard palate 
in the vertical patterns at centric occlusion, and that 
it had a tendency to swing downward and anteriorly more 
in the vertical patterns as rest position was assumed. 
Again the pattern of the musculature was found to 
influence the position of the dental structures. For 
example, the curve· of Spee, overjet and overbite, always 
had a tendency to be greater in the horizontal growth 
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patterns. Angle NSO was significantly larger in the 
vertical patterns and the occlusal planes angle had 
only a tendency to be larger, showing that the occlusal 
planes tended to diverge more in the vertical patterns. 
This finding was further supported by evidence from 
the freeway space measurements. By observation of the 
mean values, the vertical patterns had a tendency to 
have a larger anterior and smaller posterior freeway 
space, than the horizontal patterns. 
Consequently it appears that growth trends do have 
a definite influence upon the arrangement, the position, 
and inclination of the teeth, the arrangement of the 
musculature and its compensatory actions, and the position 
of the various anatomical structures but that the 
resulting arrangement would be such that a functional 
' 
equilibrium is established and maintained. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
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Lateral cephalograms were taken of eighty-seven 
subjects, all of whom had presented themselves to the 
Loyola University Orthodontic Department for diagnosis 
of their malocclusion. They were first classified 
clinically by their type of malocclusion, according to 
Angle, and then prepared for the exposure of radiographs. 
Following a well standardized technique, two lateral 
cephalograms were exposed, one at centric occlusion, 
and one at rest position. Suitable cephalometric 
criteria were then employed to group the subjects 
according to their predominant type of facial growth 
trend, i.e. vertical or horizontal. On the basis of 
this classification, there were found to be nineteen 
vertical and twenty-three horizontal growth patterns in 
class I malocclusions, fourteen vertical and twenty-five 
horizontal patterns in class II malocclusions, and three 
each of vertical and horizontal growth trends in class 
III malocclusions. Then certain measurements were made 
on the tracings of the radiographs to determine the 
position, the change in position, and the relation of 
certain anatomical and dental structures. On the basis 
of the results, the following conclusions were drawn: 
1. The changes of soft palate inclination as the 
mandible dropped from centric to rest position, 
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and the changes due to growth trends, were 
insignificant when all three classes of malocclusion 
were considered. A trend was observed that in 
the vertical patterns the soft palate angulation 
was greater at centric occlusion and that it 
dropped more anteriorly and downward as rest position 
was assumed. 
2. In class I and II malocclusions, the tongue position 
does not vary significantly when comparing growth 
trends in centric occlusion. 
3. At rest position, the tongue lies significantly lower 
in class I and II vertical growth patterns compared 
to the horizontal ones. 
4. In all cases, the tongue drops significantly in a 
vertical direction from the hard palate as the 
mandible assumes rest position. 
5. In class III malocclusions, a tendency was noted 
for the tongue to lie lower away from the hard palate 
than in each of the other two classes in centric 
occlusion, and that it drops less when the mandible 
assumes rest position, with no difference noted 
between the growth trends. 
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6. Irrespective of the various classes of malocclusions, 
the tongue position at centric occlusion shows no 
variance in comparing the two growth trends. However 
at rest position, the tongue lies significantly lower 
in the vertical type pattern. 
7. The tongue position at centric occlusion shows no 
difference between the class I and II vertical 
malocclusions. At rest position, the tongue lies lower 
in the class I vertical cases than in the class II 
vertical ones. 
8. The tongue position at centric occlusion and rest 
position in horizontal growers lies lower in the class 
I cases than it does in the class II ones. 
9. As rest position is assumed, the chin point Gn, drops 
downward and backward toward the hyoid bone, 
approximately an-.c. equal amount in both types of growth 
trends. 
10. The position of the hyoidbone remains fairly stable 
as rest position is assumed, in both types of growth 
trends. 
11. The hyoid bone lies significantly more posteriorly 
and downward in vertical growth trends than in 
horizontal ones. 
12. A downward and forward movement of the hyoid bone 
was observed in both types of growth patterns, as 
the mandible dropped from a position of centric 
occlusion to one of rest. 
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13. In class I and II cases, there are no significant 
differences in the curve of Spee, overjet and overbite 
when the growth trends were compared. In class II 
horizontal cases, there was a tendency for these 
values to be larger. 
14. In class III malocclusions, the curve of Spee 
approximated zero, and negative values were found 
for the overjet and overbite. 
15. In all classes of malocclusions and growth trend 
types, the posterior freeway space is significantly 
smaller than the anterior one. 
16. In class I malocclusions the anterior freeway space 
and the posterior one, showed no significant difference 
in comparing both growth trends. In class II 
malocclusions, the posterior freeway space was the 
same in both growth trends, but the anterior one 
was significantly larger in the vertical pattern. 
107 
17. Comparing the total vertical group with the total 
horizontal one and irrespective of class, no 
significant differences were found in the anterior 
or the posterior freeway spaces. 
18. The anterior freeway space is significantly larger 
in class II vertical cases than in those of class I 
vertical; whereas the posterior one shows no difference. 
Also, in comparing the anterior and posterior freeway 
spac~s between class I and II horizontal cases, no 
significant variation was found. 
19. In class I malocclusions, angle NSO is significantly 
larger in the vertical group. A similar trend was 
observed in each of the other two classes, but this 
was not significant. Irrespective of class, this 
angle is significantly larger in the vertical growth 
' 
patterns • This angle is also significantly larger 
in the class I vertical group than it is in the 
Class II vertical group, with no difference 
demonstrated in the horizontal group. 
20. Within classes, the occlusal planes angle has a 
tendency to be larger in the vertical growth patterns. 
Significance of this can be demonstrated only in 
the class II cases. Comparing the growth patterns, 
first irrespective of class, and then between the 
classes, no significant variations were found for 
the value of the occlusal planes angle. 
108 
21. There is no significant correlation of tongue position 
to overjet and overbite, and curve of Spee to overbite 
in this study. 
Our results indicate that certain adaptations have 
occurred in the positioning and behaviour of certain 
anatomical and dental structures, in the various growth 
patterns, to maintain a functional equilibrium, where the 
musculature is the primary influence. 
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